
WO 2006/068803 PCT/US2005/043632  ELECTRICAL POWER CONNECTOR FIELD OF THE
INVENTION [0001] The present invention relates to electrical connectors that
include power  contacts and thermally conductive structural elements in
close proximity with the power  contacts for sinking heat away from the
contacts. BACKGROUND OF THE INVENTION [0002] Power connectors, by their
functional nature, produce heat. Typical  materials used in most existing
connector housing designs are thermally insulative, and  thus, hold in heat,
allowing it to build up inside the connector. One approach for  improving
heat dissipation has been to core out the housing as much as possible to
allow  clearance around the contacts within the housing in hopes of
improving convective heat  transfer. However, stagnant air is a poor
conductor of heat, and localized forced air is  dependent on a customer's
application. SUMMARY OF ILLUSTRATIVE EMBODIMENTS [0003] The invention
includes both plug and receptacle power connectors. In  some of the
embodiments, the housing of at least one of the plug and receptacle
connectors  includes thermally conductive material in regions proximate
contacts residing therein to  sink heat away from the contacts. Both mating
connectors can employ thermally  conductive materials in their housing
structure. The connector housing may also include  materials other than the
thermally conductive material. Furthermore, the thermally  conductive
material may reside generally throughout the housing structure.
Alternatively,  the thermally-conductive material may be selectively placed
at locations such as locations  proximate the heat generating contacts.
[0004] One manner of providing thermally conductive material proximate the
power contacts is by forming the housing structure out of such material; for
example,  injection moldable thermoplastic materials including additives or
fillers that render the  cured polymer thermally conductive. Another manner
includes employing a separately  -1 WO 2006/068803 PCT/US2005/043632  



formed heat dissipation member that can be coupled to either the housing
structure  surrounding the power contacts or to the contacts themselves. For
example, a clip, made  out of thermally conductive material, can be added to
a power contact, and the contact be  inserted into the housing. At least a
portion of the clip is preferably exposed to the  exterior of the connector
housing, so that heat conductively transferred from the contact  can
subsequently be transferred away from the entire connector via convection.
The  connector housing may be made from thermally insulative or conductive
materials in  embodiments where a separately formed heat dissipation member
is coupled to housing  structure or the power contact. [0005] In preferred
embodiments of the present invention, power contacts  including plate-like
body members are employed. The relatively large surface area of  these
contacts help facilitate heat transfer to the surrounding thermally
conductive housing  material. Other power contact designs can equally be
employed without limitation.  Moreover, the principles of the present
invention can be applied to both single and  multiple-contact connectors.
BRIEF DESCRIPTION OF THE FIGURES [0006] Figure 1 is a front perspective view
of an exemplary plug connector in  accordance with the present invention.
[0007] Figure 2 is a rear perspective view of the plug connector shown in
Figure  1. [0008] Figure 3 is a perspective view of an exemplary receptacle
connector  provided by the present invention. [0009] Figure 4 is a partial
perspective view of one preferred plug connector  being mated with one
preferred receptacle connector. [0010] Figure 5 is a front perspective view
of another exemplary electrical  connector provided by the present
invention. [0011] Figure 6 is a rear perspective view of a preferred power
contact and heat  dissipation member subassembly. [0012] Figure 7 is a front
perspective view of another preferred power contact  and heat dissipation
member subassembly. 



[0013] Figure 8 is rear view of an exemplary electrical connector including
a heat  dissipation member and multiple heat transfer pathways. -2 WO
2006/068803 PCT/US2005/043632  [0014] Figure 9 is a rear perspective view of
an electrical connector provided by  the present invention. [0015] Figure 10
is a front perspective view of a third preferred power contact  and heat
dissipation member subassembly. DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0016] Reference is made to Figures 1-3 wherein like features
are labeled with  like reference characters. An exemplary power plug
connector 10 is shown in Figures 1  and 2, including a housing 20, a contact
pocket 21, and a plug contact 30 disposed  substantially in pocket 21. Plug
contact 30 is defined by a pair of plate-like body members  32 and 34. As
shown, plate-like body members 32 and 34 are not connected to each other;
however, alternative embodiments may include a connecting member. A
plurality of  beams 40 extend from a front edge of each of body members 32
and 34 for engaging a  receptacle contact. Beams 40 have a bulb-shaped
distal end 42 that define the primary  engagement area of the plug contact
with a corresponding receptacle contact. Extending  from a bottom edge of
each of plate-like body members 32 and 34 is a plurality of  terminals 44
for engaging a printed circuit board. Contacts having configurations
different  than that shown can also be used in accordance with the present
invention. [0017] Respective inner surfaces of plate-like body members 32
and 34 are  positioned flush against a wall 22 of pocket 21 that preferably
includes thermally  conductive material, so that heat can be transferred
away from the contact itself. In  preferred embodiments, the thermally
conductive material includes a thermally conductive thermoplastic. Such
thermoplastics are currently available from PolyOne Corp., Cool  Polymers,
LNP Engineering Plastics, TRP Co., and Ticona Corp. Although most
thermoplastics, particularly those traditionally used in the electronics
industry, are good  insulators, fillers or additives can be compounded with
existing base polymers (e.g.,  nylons, liquid crystal polymers, and
polyesters) to impart thermal conductivity. Among  



the most commonly used heat-conductive additives are graphite carbon fibers;
carbon  power; metallic fillers such as copper powder, steel, aluminum
power, and aluminum  flake; and ceramic fillers such as aluminum nitride and
boron nitride. Thermally  conductive polymers can be produced in either
electrically or non-electrically conductive  grades, either of which may be
used in a connector application of the present invention. -3 WO 2006/068803
PCT/US2005/043632  [0018] The thermally conductive material can have a
thermal conductivity of  approximately 1.2 W/m K to approximately 2.4 W/m K,
and a heat capacity of approximately 1.1 J/g K to approximately 1.3 J/g K.
These particular ranges of thermal  conductivity and heat capacity are
disclosed for exemplary purposes only. Thermally  conductive materials
having thermal conductivities or heat capacities outside of these  ranges
can be used in the alternative. [0019] Respective outer surfaces of
plate-like body members 32 and 34 are  exposed to housing channels 24 and
26. These channels can improve heat dissipation from  plug contact 30 via
convection. Thus, heat generated by contact 30 can be transferred  away from
the contact both conductively via thermally conductive wall 22 and
convectively via air flow through channels 24 and 26. Besides wall 22, other
portions of  plug connector housing 20 can employ thermally conductive
material. For example, plug  connector housing 20 can be injection molded
from thermally conductive polymers so that  the entire structure is
available as a heat sink. In this scenario, radiative heat transfer can
also occur from the outer surfaces of plate-like body members 32 and 34 to
opposing  pocket walls 28 (not visible) and 29. [0020] Referring now to
Figure 3, an exemplary receptacle connector 50 is  shown, including a
housing 60, a contact pocket 61, and a receptacle contact 70 disposed  in
pocket 61. Receptacle contact 70 has a pair of spaced apart plate-like body
members 80  and 82 (not visible). As shown, plate-like body members 80 and
82 are not connected to  each other; however, alternative embodiments may
include a connecting member. A plug  contact receiving space 72 is
interposed between body members 80 and 82, and a plurality  of terminals 84
extends from each of the body members 80 and 82. Connector housing 60  



is preferably made from thermally conductive polymers to facilitate heat
transfer from  contact 70 to surrounding housing structure; e.g., contact
pocket walls 62 and 64. Plug  contact receiving space 72 may also facilitate
heat transfer through convective air flow  though housing 60. [0021]
Referring now to Figure 4, an exemplary plug connector 110 is shown  being
mated with an exemplary receptacle connector 150. Features of connectors 110
and  150 are labeled with reference numbers corresponding to those directed
to similar features  in connectors 10 and 50, but in the hundred series.
When connectors 110 and 150 are  mated, the bulb-shaped distal end 142 of
beams 140 resiliently deflect inwardly, creating  normal forces. These
normal forces help to ensure intimate contact between the contact -4 WO
2006/068803 PCT/US2005/043632  plate-like body members and adjacent housing
material that preferably includes thermally  conductive material. This
intimate contact enhances heat transfer from the contacts. The  normal
forces urge inner surfaces of body members 132 and 134 against wall 122, and
outer surfaces of body members 180 and 182 against walls 162 and 164. Much
of the heat  is locally generated at the mating interface between the beams'
distal ends 142 and inner  surface regions of plate-like body members 180
and 182. Heat dissipation is improved by  employing thermally conductive
material directly behind the interface. [0022] In alternative connector
embodiments of the present invention, additional  thermally conductive
material can be disposed between contact features and connector  housing
features, which also comprise thermally conductive material. For example, a
conductive pad or compound can be disposed in gaps between contact body
members and  surrounding housing structure. In some instances, such
additional thermally conductive  material is included to fill any small air
gaps (which would be insulative) arising from high  points on the adjacent
contact and/or housing structures. Here, there would be some  portions of
the contact body member that are in intimate contact surrounding housing
structure and some portions that are coupled (conductively) via the
additional conductive  material. In other instances, no portions of the
contact will be in direct contact with  surrounding housing structure, and
the gap would be at least partially filled with an added  



conductive pad or compound for example. [0023] Referring now to Figure 5,
another exemplary connector 200 is shown,  including a housing 202, a
plurality of power contacts 204, and a heat dissipation member  206. Housing
202 may be made from thermally insulative or thermally conductive
materials. A subassembly 210 of power contact 204 and heat dissipation
member 206 is  illustrated in Figure 6. Power contact 204 includes first and
second plate-like body  members 207 and 208 that are shown being stacked
against each other whereby at least a  portion of their inner surfaces are
preferably touching (note that some portions of the  opposing inner surfaces
may be spaced apart due to purposeful design consideration and/or
manufacturability). Each of body members 207 and 208 comprises a series of
angled  cantilevered beams 220 and a series of straight cantilevered beams
222 arranged in an  alternating manner. Opposing angled beams 220 define
"pinching" or "receptacle" beams  that are capable of engaging one or more
straight beams of a contact associated with a  mating electrical connector.
Contacts having a different number of beams, and/or different  beam
geometries, are equally contemplated by the present invention. Each of body
-5 WO 2006/068803 PCTUUS2005/043632  members 207 and 208 further comprises a
plurality of terminals 225 for engaging a printed  circuit structure.
Terminals 225 can be configured for either a press-fit or soldered
engagement, or any other engagement readily known to the skilled artisan.
[0024] Heat dissipation member 206 can have many different forms, including
a  clip 230, as is shown in Figures 6 and 7. Clip 230 is constructed out of
thermally  conductive material, such as, for example, metal or the modified
thermoplastics described  above, to sink heat away from power contact 204
through conduction. Clip 230 includes a  top portion 232 and a pair of
panels 234 and 236 that extend downwardly from top portion  232. As shown,
contact body members 207 and 208 are stacked against each other, so that
panel 234 engages an outer portion of body member 207 while panel 236
engages an outer  portion of body member 208. A thermally conductive gasket
or compound may optionally  be employed in between the panels and contact
body members to ensure good  conductivity. Top portion 232 can optionally
employ heat transfer enhancing features,  



such as, for example, a plurality of studs 240 or fins 250 (shown in Figure
7). Although  not shown, contact body members 207 and 208 maybe spaced
apart, wherein one or more  clip panels are placed in a medial space defined
between the body members to engage  respective inner portions of the body
members. Additional clip panels may further engage  respective outer
portions of the spaced apart body members. [0025] The use of the term "clip"
is in no way intended to limit the design of the  heat dissipation member
206. Rather, the important aspects of the heat dissipation  member is that
it be designed and positioned in such a way to sink heat away from the
power contact. In preferred embodiments, at least a portion of the heat
dissipation  member is exposed to the outside environment so as to create a
heat transfer pathway from  a connector interior to the connector exterior.
As can be seen in Figure 5, which  represents only one preferred
configuration, the area of the heat dissipation member 206  that is open
exposed to the outside environment is perpendicular to the portion
(downwardly extending panels) that is inserted into the connector, thereby
increasing the  surface area exposed to the outside environment, and thus,
the amount of thermal  convection to the cooler outside environment. The
portion of the heat dissipation member  within the connector housing (panels
234, 236) is oriented parallel, and in intimate contact  with the body
members of the power contact. The panels transfer heat to the perpendicular
portion exposed to the outside environment by means of conduction, while the
perpendicular portion then transfers that heat to the environment by means
of convection. -6 WO 2006/068803 PCT/US20051043632  Note that although it is
preferred for at least a portion of the thermally conductive heat
dissipation member be exposed to the outside environment, the heat
dissipation member  maybe completely contained within a connector housing in
alternate embodiments. [0026] A rear portion of an electrical connector 260,
similar to connector 200, is  shown in Figure 8. Connector 260 includes a
housing 268, a power contact 270, and a  heat dissipation member 280. The
features of power contact 270 and heat dissipation  member 280 are similar
to those shown in Figures 6 and 7. Housing 268 has four channels  282, 283,
284 and 285 that may facilitate heat transfer away from power contact 270
via  



convection. Heat can be transferred directly away from power contact 270 by
convective  means with air flow through channels 284 and 285. Heat can also
be transferred indirectly  away from power contact 270 by convective means
with heat first being transferred from  power contact 270 to heat
dissipation member 280. through conductive means. Housing  268 maybe made
out of either thermally insulative or thermally conductive materials.  Where
thermally conductive materials are employed, a portion of the heat
dissipation  member 280 maybe in intimate contact with surrounding housing
structure. [0027] Depending on the application, more or less heat can be
generated from  transmission of power through the electrical connectors of
the present invention. In a high  heat situation, the thermally conductive
heat dissipation member can include a  considerable amount of surface area,
both in contact with the power contact and exposed  to an exterior of the
connector (i.e., the outside environment). By way of example, and as  shown
in Figure 9, a connector 300 is shown including a housing 310, a plurality
of power  contacts 320 and an equal number of heat dissipation members 330.
[0028] A subassembly 350 of a power contact 320 and heat dissipation member
330 is shown in Figure 10. Power contact 320 includes first and second
plate-like body  members 323, 324, with each having alternating angled 325
and straight 326 cantilevered  beams extending from a body member front
edge, and a plurality of terminals 327  extending from a body member bottom
edge. Heat dissipation member 330 comprises a  pair of panels 332 and 334
that are in contact with respective outer portions of body  members 323,
324, and multiple fins 340 extending along top and rear portions of the
panels. As can be seen in Figure 9, the connector housing 310 is configured
to permit  substantial exposure of the fins 340 for efficient convective
heat transfer. [0029] In Figures 5-10, an individual heat dissipation member
engages each  power contact. However, a fewer number of heat dissipation
members may be employed,  -7 WO 2006/068803 PCT/US2005/043632  so that not
every power contact is in engagement with a heat dissipation member.
Moreover, a heat dissipation member may be designed to engage more than a
single power  contact to make manufacturing and assembly more efficient. 



[0030] Power contacts of the present invention are made from suitable
materials,  such as, for example, copper alloys. The contacts may be plated
with materials such as  gold, a combination of gold and nickel, or a range
of other materials commonly known  within the industry. The number of
contacts and their arrangement in connector housings  is not limited to that
shown in the figures. Preferred power contacts of the present  invention
comprise plate-like body members. One of ordinary skill in the art would
readily appreciate that the plate-like body members may be planar or
non-planar in form.  The power contacts may contain apertures or other heat
transfer features. Similarly, the  connector housings may contain heat
transfer features not shown in the included figures,  such as, for example,
heat channels extending from the exterior of the connector to an  interior
of the housing, voids, or gaps adjacent some portions of the retained power
contacts to combine conductive and convective heat transfer. Note that while
both the  plug and receptacle connectors described above employ thermally
conductive materials,  alternative embodiments include mating connectors
where only one of the plug connector  and the receptacle connector employs
thermally insulative material. [0031] The description has focused on
exemplary power contact and connector  embodiments shown in the figures.
Variations of such embodiments are included within  the spirit of the
present invention, the manifestations of some of which is included through
the various claims appended hereto. -8 What is claimed: 1. An electrical
connector, comprising: a housing comprising a thermally-insulative material;
a power contact positioned in the housing; and a thermally-conductive clip
formed from a thermally-conductive  thermoplastic and engaging the power
contact so that the thermally-conductive  clip transfers heat from the power
contact. 2. The electrical connector of claim 1, wherein the thermally-
conductive clip comprises a first portion exposed to the environment around
the  electrical connector, and a first panel adjoining the first portion and
positioned  



adjacent a first major surface of the power contact. 3. The electrical
connector of claim 2, wherein the thermally- conductive clip further
comprises a second panel adjoining the first portion, the  second panel
being positioned adjacent a second major surface of the power  contact. 4.
The electrical connector of claim 2, wherein the electrical  connector
comprises two power contacts and the first panel is positioned between  the
power contacts. 5. The electrical connector of claim 2, wherein the first
panel and the  housing define a channel in fluid communication with the
environment around the  electrical connector whereby heat can be transferred
from the power contact to the  environment around the electrical connector
by conduction and convection. 6. The electrical connector of claim 2,
wherein the first portion  comprises a plurality of fins. -9 7. The
electrical connector of claim 2, wherein the first portion  comprises a
plurality of studs. 8. The electrical connector of claim 1, wherein the
power contact  comprises two plates that define, in combination, both a
female mating contact  and a male mating contact. 9. The electrical
connector of claim 1, wherein the thermally- conductive thermoplastic
comprises a polymeric material selected from the group  consisting of.
nylons; liquid crystal polymers; and polyesters; and a material  selected
from the group consisting of. graphite carbon fibers; carbon powder;
metallic fillers; and ceramic fillers. 10. The electrical connector of claim
2, wherein the electrical  connector comprises two power contacts; the
thermally-conductive clip further  comprises a second panel adjoining the
first portion; the first panel contacts a first  of the power contacts; and
the second panel contacts a second of the power  contacts. 



11. The electrical connector of claim 2, wherein the first panel  transfers
heat from the power contact to the first portion by conductive heat
transfer, and the first portion transfers heat to the environment around the
electrical connector by convective heat transfer. 12. An electrical
connector, comprising: a housing comprising a thermally-insulative material;
a power contact positioned in the housing; a thermally-conductive member
formed from a thermally-conductive  thermoplastic and disposed proximal to
the power contact so that the thermally- conductive member transfers heat
from the power contact; and -10 at least one of a thermally-conductive
gasket and a thermally-conductive  compound disposed between the power
contact and the thermally-conductive  member. 13. The electrical connector
of claim 12, wherein the thermally- conductive member comprises a first
portion exposed to the environment around  the electrical connector, and a
first panel adjoining the first portion and positioned  adjacent a first
surface of the power contact. 14. The electrical connector of claim 13,
wherein the thermally- conductive member further comprises a second panel
adjoining the first portion,  the second panel being positioned adjacent a
second surface of the power contact. 15. The electrical connector of claim
13, wherein the electrical  connector comprises two power contacts and the
first panel is positioned between  the power contacts. 16. The electrical
connector of claim 13, wherein the first panel and the  housing define a
channel in fluid communication with the environment around the  electrical
connector whereby heat can be transferred from the power contact to the
environment around the electrical connector by conduction and convection.
17. The electrical connector of claim 13, wherein the first portion
comprises a plurality of fins. 



18. The electrical connector of claim 13, wherein the first portion
comprises a plurality of studs. 19. The electrical connector of claim 12,
wherein the power contact  comprises two plates that define, in combination,
both a female mating contact  and a male mating contact. -11 20. The
electrical connector of claim 12, wherein the thermally- conductive
thermoplastic comprises a polymeric material selected from the group
consisting of. nylons; liquid crystal polymers; and polyesters; and a
material  selected from the group consisting of: graphite carbon fibers;
carbon powder;  metallic fillers; and ceramic fillers. 21. The electrical
connector of claim 13, wherein the electrical  connector comprises two power
contacts; the thermally-conductive member  further comprises a second panel
adjoining the first portion; the first panel  contacts a first of the power
contacts; and the second panel contacts a second of  the power contacts. 22.
The electrical connector of claim 13, wherein the first panel  transfers
heat from the power contact to the first portion by conductive heat
transfer, and the first portion transfers heat to the environment around the
electrical connector by convective heat transfer. 23. An electrical
connector, comprising: a housing comprising a thermally-insulative material;
a power contact positioned in the housing; and a thermally-conductive member
formed from a thermally-conductive  thermoplastic and touching the power
contact so that the thermally-conductive  member transfers heat from the
power contact , wherein the thermally-conductive  member includes a first
portion exposed to the environment around the electrical  connector, and a
first panel adjoining the first portion and positioned adjacent a  first
major surface of the power contact, wherein the first panel and the housing
define a channel in fluid communication with the environment around the  



electrical connector whereby heat can be transferred from the power contact
to the  environment around the electrical connector by conduction and
convection. 24. An electrical connector, comprising: a housing comprising a
thermally-insulative material;  a power contact positioned in the housing;
and -12 a thermally-conductive member formed from a thermally-conductive
thermoplastic and comprising a first portion exposed to the environment
around  the electrical connector, and a first panel adjoining the first
portion and positioned  adjacent a first major surface of the power contact,
wherein the first portion  comprises at least one of a fin or a stud. 25. An
electrical connector, comprising: a housing comprising a
thermally-insulative material; a power contact positioned in the housing,
the power contact comprising a  first body portion and a second body
portion, the first body portion having a first  internal surface and a first
external surface, and the second body portion having a  second internal
surface facing the first internal surface and a second external  surface;
and a thermally-conductive member formed from a thermally-conductive
thermoplastic, the thermally-conductive member touching at least one of the
first  and second external surfaces of the power contact so that the
thermally-conductive  member transfers heat away from the power contact. -13


