
;ije3eurL6TKO~u~anw~na 6~ml~EINIP~ SPECIFICATION CONNECTOR WITH HEAT
DISSIPATING FEATURES Field of the Invention: This invention is generally
directed to a connector which dissipates heat generated from electrical
loading. Background of the Invention: As computers, servers and other
electronic devices become smaller and power r equirements incr ease, the
need for power correctors to have a higher load carrying capacity is
required. The maximum amount of electrical load that is allowed to pass
tlu~ough a comlector is limited, in part, to the temperature rise within
the connector. The maximum temperature is reached when a temperature
equilibrium is achieved. This occurs when the rate of internal heat
generation due to electrical cun-ent loading equals the rate of heat
dissipation from the connector to its sun -ounding environment. Prior art
connectors are not designed to efficiently dissipate heat from the
connector, thereby restricting the amount of load that the connector can
carry. The present invention provides a connector which overcomes the
problems presented in the prior art and which provides additional
advantages over the prior art, such advantages ~~~ill become clear upon a
reading of the attached specification in combination with a study of the
drawings. 



Objects and Summal;v of the Invention: A general object of the present
invention is to provide a connector which dissipates heat generated from
electrical cun~ent loading. Another general object of the present invention
is to provide a connector which dissipates heat generated from electrical
can -ent loading by forced convection cooling. A further object of the
present invention to provide a connector which has a housing that retains
less heat than prior art devices.   Another object of the present invention
is to provide a corrector which has a housing that is easy to manufacture
by molding because it does not involve a side pull during molding. A
specific object of the present invention is to provide a connector which
has a housing that uses less material to decrease the cost of n ianufacture
over prior art devices. Briefly, and in accordance with the foregoing, a
connector includes a ribbed and slotted housing having at least one
terminal provided between adjacent ribs. The housing includes first and
second base walls, a central wall and a plurality of ribs connected to the
fir st and second base walls and the central wall and extending outwardly
therefrom. The ribs are spaced apart from each other such that a slot is
defined between adjacent ribs. A least one terminal is positioned within
each slot such that a large amount of the surface area of each terminal is
exposed to the environment and air can flow over the surface area to
dissipate heat from the at least one terminal. 2   



Brief Descri t~ion of the Drawings: The organisation and manner of the
structure and operation of the invention, together with further objects and
advantages thereof, may best be understood by reference to the following
description, taken in connection with the accompanying drawings, wherein
like reference numerals identify like elements in which: FIG. 1 is a
perspective view of a co~mector which incorporates the features of a first
embodiment of the invention; FIG. 2 is a bottom plan view of the connector
of FIG. 1; FIG. 3 is a top plan view of the connector of FIG. 1; FIG. 4 is
a front elevational view of the connector of FIG. 1; FIG. 5 is a
perspective view of the comlector of FIG. 1 with a portion of the housing
cut away; FIG. 6 is a perspective view of the connector of FIG. 1 with a
portion of the housing cut away and with one terminal exploded therefrom;
FIG. 7 is a perspective view of the connector of FIG. 1 with a portion of
the housing cut away and with two terminals exploded therefrom; FIG. 8 is a
perspective view of a connector which incorporates the features of a second
embodiment of the invention; FIG. 9 is a bottom plan view of the comlector
of FIG. 8; FIG. 10 is a top plan view of the connector of FIG. 8; FIG. 11
is a front elevational view of the connector of FIG. 8; FIG. 11 is a
perspective view of the connector of FIG. 8 with a portion of the housing
cut away; and FIG. 12 is a perspective view of the connector of FIG. 8 with
a portion of the housing cut away and with tei-~ninals exploded therefrom.
3   Detailed Description of the Illustrated Embodiments: 



While the invention may be susceptible to embodiment in different forms,
there is shown in the drawings, and herein will be described in detail,
specif c embodin gents with the understanding that the present disclosure
is to be considered an exemplification of the principles of the invention,
and is not intended to limit the invention to that as illustrated and
described herein. A comiector 20 which incorporates features of a first
embodiment of the invention is shown in FIGS. 1-7. A connector 120 which
incorporates features of a second embodiment of the invention is shown in
FIGS. 8-13. Attention is invited to the connector 20 shown in FIGS. 1-7.
The connector 20 includes a dielectric housing 22 and a plurality of
electrically conductive tei-~ninals 24 mounted within the housing 22. While
the connector 20 is shown in the drawings with twenty terminals 24, it is
to be understood that the connector 20 can any number of terminals 24, such
as, for example, one hundred and sixty. As is more clearly shown in FIGS.
2, 3 and 5-7, the housing 22 includes an elongated frst base wall 26, an
elongated second base wall 28 spaced apart from the first base wall 26, and
an elongated central wall 30 between, and spaced from, the first base wall
26 and the second base wall 28. The first base wall 26, the second base
wall 28 and the central wall 30 are generally rectangular. The first base
wall 26, the second base wall 28 and the central wall 30 are connected
together at one end thereof by a first end wall 32 and are connected
together at an opposite end thereof by a second end wall 34 (the second end
wall 34 is cut away in FIGS. 5-7). The end walls 32, 34 are perpendicular
to the first base wall 26, the second base wall 28 and the central wall 30.
As is best illustrated in FIGS. 2, 3 and 5-7, the central wall 30 includes
a plurality of cutouts 36 which are spaced apart from each other along the
length of the side of the central wall 30 that faces the first base wall
26. The central wall 30 also includes a plurality of cutouts 38 which are
spaced apart from each other along the length of the side of the central
wall 30 that faces the second base wall 28. A plurality of generally
U-shaped ribs 39 extend from the first and second 4   base walls 26, 28 and
the central wall 30. Each rib 39 is formed from a first rib section 40, a
second rib section 56 and a middle rib section 41 which extends between and
connects the first rib section 40 and the second rib section 56. The first
rib sections 40 extend from the first base wall 26. The first rib sections
40 are spaced apart from each other along the length of the first base wall
26. As is most clear ly shown in FIG. 7, each fir st rib section 40
includes a first portion 44, a second portion 46 and a middle portion 48.
The first and second portions 44, 46 are generally rectangular. The first
portion 44 of each first rib section 40 extends fr0111 the first base wall
26 in a first direction and slots 50 are formed between the adjacent first
portions 44. The second portion 46 of each first rib section 40 extends
from the first base wall 26 in a second, opposite direction, such that
slots 52 are formed between the adjacent second portions 46. The middle
portions 48 of the first rib sections 40 are adjacent to the first base
wall 26 and abut against the side of the central wall 30 which faces the
first base wall 26. As best illustrated in FIG. 3, this foinzs a plurality
of apertures 54 between adj acent first rib sections 40, the central wall
30 and the first base wall 26. The second rib sections 56 extend from the
second base wall 28. The second rib sections 56 are spaced apart from each
other along the length of the second base wall 26. Each second rib section
56 is aligned with a respective one of the first rib sections 40 along the
length of the connector 20 and is connected thereto by the middle section
41 which extends underneath the central wall 30. Each second rib section 56
is identically formed to the respective first rib section 40 and as best
illustrated in FIG. 7, includes a first portion 60, a second portion 62 and
a middle portion 64. The first and second portions 60, 62 are generally
rectangular. The first portion 60 of each second rib section 56 extends
from the second base wall 28 in a first dir ection and slots 66 are foizned
between adj acent first portions 60. The slots 66 are aligned with the
slots 50. The second portion 62 of each second rib section 56 extends from
the second base wall 28 in a second, opposite direction, such that slots 68
are formed between adjacent second portions 62. The slots 68 are aligned
with the slots 52. The middle portions 64 of the second rib sections 56 are
adjacent to the 5 



second base wall 28 and abut against the side of the central wall 30 which
faces the second base wall 28. This forms a plurality of apertures 70, as
best illustrated in FIG. 7, between adjacent second rib sections 56, the
central wall 30 and the second base wall 28. The apertures 70 are aligned
with the apertures 54. As best illustrated in FIGS. 5-7, each terminal 24
is seated between adjacent ribs 39 and includes a base portion 72, a first
elongated portion 74 extending fi-om one side of the base portion 72, a
second elongated portion 76 extending fi-ona the same side of the base
portion 72 and spaced from the first elongated portion 74, a first pair of
spaced apart mounting legs 78a, 78b extending from the base portion 72
which are used to mount the temninal 24 to the central wall 30, and a
second pair of spaced apart legs 80a, 80b extending from the opposite side
of the base wall 72 and which are used to connect the connector 20 to an
associated printed circuit board (not shown). The first elongated portion
74 includes an enlarged contact head 82 at the free end thereof which
extends towards the second elongated portion 76. The first elongated
portion 74 extends between the central wall 30 and the first base wall 28
through the aperture 54 and the enlarged contact head 74 extends into the
slot 50. The second elongated portion 76 includes an enlarged contact head
84 at the free end thereof which extends towar ds the first elongated
portion 74. The second elongated portion 76 extends between the central
wall 30 and the second base wall 28 through the aperture 70 and the
enlarged contact head 84 extends into the slot 66. The first pair of legs
78a, 78b extend along the opposite sides of the central wall 30 into the
cutouts 38 and are connected therein by suitable means, such as barbs or
the like. The base portion 72 is seated within the slots 52, 66 and
underneath the central wall 30. The second pair of legs 80a, 80b extend
outwardly from the base wall 72 a distance which is greater than the
distance the first portions 44, 60 of the first and second rib sections 40,
56 extend. 6   Preferably, two terminals 24 are provided between adjacent
rib 39 and are spaced apart from each other within the slots 50, 52, 66, 68
and apertures 54, 70 therebetween such that spaces ar a pr ovided between
the respective terminals 24, the base walls 26, 28 and the central wall 20.
If two tenninals 24 are provided within the space between the adjacent rib
39, the terminals 24 have the same polarity, either positive or negative.
This allows the connector 20 to carry more load than when a single tenninal
is used between the ribs. In addition, the two terminals 24 provide two
load paths and improved contact reliability with the board (not shown) that
is comlected thereto. As a result of the consti~ction of the comlector 20,
a significant amount of surface area of each terminal 24 is exposed to the
environment. This allows the heat generated from electrical loading to be
dissipated by forced convection cooling when a fan or other suitable means
is used io blow air across the printed circuit board and through the
connector 20. In addition, due to the unique structur a of the connector
housing, the connector housing has a smaller thennal mass than conventional
connector housings. Moreover, by virtue of not encapsulating the terminals
within closed cavities in the housing, the terniinals are better able to
radiate heat to the outside environment, even in the absence of a fan to
generate air flow across the exposed terminal surfaces. If only one
terminal 24 is provided between adjacent rib 39 within the slots 50, 52,
66, 68 and apertures 54, 70, spaces are also provided such that the
tenninal 24 does not contact at least one of the adjacent ribs 39. ~~~hen
air is blown, the air flows proximate to the printed circuit board, along
the legs 80a, 80b of the terminal 24, along the base portion 72 which is
proximate to second portions 46, 62 of the rib sections 40, 56, and along
the elongated portions 74, 76 which are proximate to the first portions 44,
60 of the rib sections 40, 56 tlu-ough the spaces. This design allows for a
large surface area of each terminal 24 to be exposed to the envir onment
such that air can flow over the surface area of the terminal 24 to
dissipate heat from the terminal 24 and the printed circuit board by
convection. Even if the spaces were not provided, because of the large
surface area of each terminal 24 which is exposed to 7   



the environment on either side of the central wall 30 and between the ribs
39, air flow over the surface area of the terminals 24 dissipates heat from
the terminals 24 and the printed circuit board by forced convection
cooling. If two terninals 24 are provided between the ribs 39, as
preferred, the air flows proximate to the printed circuit board, along the
legs 80a, 80b of the terminals 24, along the base portions 72 which are
proximate to second portions 46, 62 of the rib sections 40, 56, and along
the elongated portions 74, 76 which are proximate to the first portions 44,
60 of the rib sections 40, 56 through the spaces. This design allows for a
large surface area of each terminal 24 to be exposed to the environment
such that air can flow over the surface area of the terminal 24 to
dissipate heat from the terninal 24 and the printed circuit board by
convection. Even if the spaces were not provided, because of the large
surface area of each terminal 24 which is exposed to the enviromnent on
either side of the central wall 30 and the ribs 39, air flow over the
surface area of the terminals 24 dissipates heat from the terninals 24 and
the printed cir curt board by forced convection cooling. Attention is now
invited to the connector 120 shown in FIGS. 8-13. The coiulector 120
includes a dielectric housing l22 and a plurality of electrically
conductive terminals 124 mounted within the housing 122. While the
connector 120 is shown in the drawings with twenty terminals 124, it is to
be understood that the connector 120 can any number of terminals 124, such
as, for example, one hundred and sixty. As is more clearly shown in FIGS.
9, 10, 12 and 13, the housing 122 includes an elongated first base wall
126, an elongated second base wall 128 spaced apart from the first base
wall 126, and an elongated central wall 130 beriveen, and spaced from, the
first base wall 126 and the second base wall 128. The first base wall 126,
the second base wall 128 and the central wall 130 are generally
rectangular. The first base wall 126, the second base wall 128 and the
central wall 130 are connected together at one end thereof by a first end
wall 132 and are connected together at an opposite end thereof by a second
end wall 134 (the second end wall 134 is cut away in FIGS. 12 and 13). The
end walls 132, 134 are perpendicular to the first base wall   l26, the
second base wall 128 and the central wall l30. A plurality of generally
L-shaped rib sections 136 extend from the first base wall 126 and between
the first base wall 126 and the central wall l30. The L-shaped rib sections
l36 are spaced apart from each other. As is best illustrated in FIG. 13,
each rib section 136 is foi-~ned from a first rib portion 138, a second rib
portion 140 and a third rib portion 142. The first rib portion 13 8 extends
from the fn-st base wall 126 in a first direction and slots 137 are formed
between the adjacent first rib portions 138. The second rib portion 140
extends bettveen the first base wall 126 and the central wall 130 and is
integrally formed therewith. The second rib portion 140 also extends from
the first base wall 126 in a second, opposite direction to that of the
first rib portion 13 8. The third rib portion 142 extends from the second
rib portion 140 and in a direction opposite to that which the first rib
portion l38 extends. Slots 139 are foamed between the adjacent second rib
portions 140 and third rib portions 142 which extend in a direction
opposite to that which the first rib portion 138 extends. As best
illustrated in FIGS. 9 and 10, an aperture 143 is formed between adjacent
second rib portions 140, the central wall l30 and the first base wall 126.
A plurality of generally L-shaped rib sections 144 extend from the second
base wall 128 and between the second base wall 128 and the central wall 130
and are identically foi-~ned to the ribs sections l36. The L-shaped rib
sections 144 are spaced apart from each other. The rib sections l44 are
aligned with the respective rib sections 136 along the length of the
connector 20. As is best illustrated in FIG. 13, each rib section l44 is
formed from a first rib portion l48, a second rib portion 150 and a third
rib portion 152. The first rib portion 148 extends from the second base
wall l28 in a first direction and in the same direction as the first ribs
portion 138. Slots 146 are formed between the adjacent first rib portions
148. The second rib portion 150 extends betveen the second base wall 128
and the central wall 130 and is integrally formed therewith. The second rib
portion 150 also extends from the second base wall 128 in a second,
opposite direction to that of the first rib portion 148. The third rib
portion 152 extends from the second rib portion 150 and in a direction
opposite to that which the first rib portion 148 extends. Slots 151 are
foin~ed between 9   



the adjacent second rib portions 150 and third rib portions 152 which
extend in a direction opposite to that which the first rib portion 148
extends. As best illustrated in FIGS. 9 and 10, an aperture 154 is formed
between adjacent second rib portions 150, the central wall 130 and the
second base wall 128. In combination, the respective rib sections l36, l44
and the portion of the central wall 130 therebetween form a generally
U-shaped rib 156 in a like manner to that of the first embodiment. As best
illustrated in FIGS. 12 and 13, a pair of terminals 124 are seated between
adjacent ribs 156 on each side of the central wall 130. Each terminal 124
includes an elongated, curved contact portion l58 and a pair of legs 160a,
160b which are used to connect the connector 20 to an associated printed
circuit board (not shown). The contact portion 158 includes a plurality of
barbs 162 which bite into the respective second portions 140, 150 when the
terminal is mounted within the housing 122. The terminals 124 are stamped
and foamed. On one side of the connector 20, the contact portion 158 of the
respective terminals 124 sits within the respective slot 137, aperture 143
and slot 139 and the legs 160a, 160b extend from the second and third rib
portions l40, l42. Spaces are formed between the terminal 124, the first
base wall 126 and the rib sections 136. On the other side of the connector
20, the contact portion 158 of the respective terniinals 124 sits within
the respective slot 146, aperture 154 and slot 151 and the legs 160a, 160b
extend from the second and third rib portions 150, 152. Spaces are fom~ed
between the terminal 124, the second base wall 128 and the rib sections
144. As a result of the construction of the comlector 120, a significant
amount of surface area of the tenninals 124 are exposed to the environment.
This allows the heat generated from electrical current loading by the
printed circuit board (not shown) and the terminals 124 to be dissipated by
forced convection cooling when a fan or other suitable means is used to
blow air across the printed circuit board and through the corulector 120.
When air is blown across the connector 120, the air flows proximate to the
printed circuit board, along the legs 160a, 160b of the terniinals 124,
along the 10   contact portions 158 of the terminals 122 through the
spaces. This design allows for a large surface area of each terminal 124 to
be exposed to the environment such that air can flow over the surface area
of the terminal l24 to dissipate heat from the terminal l24 and the printed
circuit board by convection. Even if the spaces were not provided, because
of the large surface area of each terminal 124 which is exposed to the
environment on either side of the central wall 130 between the ribs 156,
air flow over the surface area of the tezniinals 124 dissipates heat from
the terminals 124 and the printed circuit board by forced convection
cooling. The design of the tez~rzinals 122 with large surface area has
advantages in Ldi/dt and loop inductance. In order to effect di/dt, large
planar areas in the primary can -ent path can help lower loop inductance if
the "+" and "-" terminals are electrically coupled (i.e. in near proximity
to each other). The terminals 122 are an-anged in the sequence VO+ VO+ VO-
VO-. The primazy electrical can -ent path is through alten zating VO+ and
VO-. Loop inductance is defined as Lloop = L11 + L22 - 2(L 12), when a L 11
and L22 is the SELF inductance of each terminal 122 and L 12 is the mutual
inductance between the terminals 122. The goal in power delivery is to
reduce the loop inductance. This goal is determined by the need to maintain
a stable voltage (minimize voltage drop) as defined by the equation Vdrop =
Lloop x dI/dt. From the Lloop equation, Lloop can be decr eased by lower L
11, lower L22, and/or increasing L 12. To incr ease mutual inductance (L
12), the cun-ent carrying paths of the terminals 122 are in close proximity
to each other. To decr ease the self inductance (L 11 and L22), the
terminals 122 have a r elatively large cross-sectional area. Combined in
this connector 120, the result is an interconnect that results in less of a
voltage drop as compared to other connectors in the same system. That is to
say, the terminals 122 between adjacent ribs l56 can be a differential pair
(i.e., one is a V+ and the other is a V-), and that the closer the spacing
between the terminals 122 that make up the differential pair, the lower the
loop inductance that is generated by the differential pair. In addition to
decreasing the 11   spacing between the tei-~ninals l22 to reduce the loop
inductance, the loop inductance 



can also be reduced by using terminals 122 that have increased sur face
areas. In each embodiment, because the housing 22, 122 is formed with ribs
39, l56, less material is used and the housing 22, 122 itself retains less
heat than prior art devices. In addition; because less material is used for
the housing 22, 122, the connector 20, 120 has a decreased cost of
manufacture over prior art devices. The housing 22, 122 is easy to
manufacture by molding because it does not involve a side pull during
molding. While prefei-~-ed embodiments of the present invention are shown
and described, it is envisioned that those skilled in the art may devise
various modifications of the present invention without departing from the
spirit and scope of the appended claims. 12   LC AIMS: 1. A connector
comprising: a housing including a housing wall, a plurality of ribs
extending from said housing wall and spaced apart from each other such that
a slot is defined between adjacent ribs; and at least one terminal
positioned within each said slot and corrected to said housing such that a
surface area of each said terminal is exposed to the environment and air
can flow over said surface area to dissipate heat from said at least one
terminal. 2. A connector as defined in claim 1, wherein said housing wall
is a first housing base wall and said housing further includes a second
housing base wall connected to said first housing wall and spaced
therefrom, each said rib includes a first rib portion and a second rib
portion extending from each said housing base wall, each said first rib
portion extending from said respective housing base wall in a first
direction such that each said slot has a first slot portion, and each said
second rib portion extending from said respective housing base wall in a
second, opposite direction, such that each said slot has a second slot
portion. A connector as defined in claim 2, wherein at least one of said
terminals is positioned within a respective first slot portion and second
slot portion. 



4. A connector as defined in claim 2. wherein each said terminal includes a
terminal base wall, a first terminal portion extending from said terminal
base wall and a second terminal portion extending from said terminal base
wall in the same direction, said first and second terminal portions being
positioned within a respective first slot portion, respective ones of said
terminal base walls being positioned within a respective second slot
portion. I3   5. A connector as defined in claim 4, wherein said housing
further includes a housing cents al wall provided between said first and
second housing base walls such that a first aperture is provided between
said housing central wall and said first housing base wall and a second
aperture is provided between said housing central wall and second housing
base wall, said first terniinal portion being positioned within a
respective first aperture and said second terniinal portion being
positioned within a respective second aperture. 6. A connector as defined
in claim 5, wherein each said terminal further includes means for
connecting said terminal to an associated printed circuit board, said
second ternlinal means extending beyond ends of said second rib portions.
7. A connector as defined in claim 5, wherein each said terminal further
includes means for connecting said terminal to said housing. 8. A corrector
as defined in claim 5, wherein each said terminal further includes an
enlarged head on said first terminal portion and an enlarged head on said
second ternzinal portion. 9. A corrector as defined in claim 5, wherein
said first aperture is wider than a width of said first terminal portion
such that air can flow through said aperture, and wherein said second
aperture is wider than a width of said second terminal portion such that
air can flow through said aperture. 10. A connector as defined in claim 9,
wherein two teuninals are provided between adjacent ribs and said first
aperture is wider than a width of said two tei-~izinals such that air can
flow through said aperture, and wherein said second aperture is wider than
a width of said two terminals such that air can flow through said aperture.
14   11. A connector as defined in claim l, wherein said wall is a housing
central wall and said housing further includes a first housing base wall
and a second housing base wall connected to said housing central wall, said
first housing base wall, said housing central wall and said second housing
base wall being spaced apart from each other such that a first aperture is
provided between said housing central wall and said first housing base wall
and a second aperture is provided between said housing central wall and
second housing base wall, said at least one terminal being positioned
within said apertures such that an additional surface area of each said
tei~~inal is exposed to the environment and air can flow over said surface
area to dissipate heat from said at least one terminal. 12. A connector as
defined in claim 1 l, wherein two terminals are provided between adjacent
ribs. 13. A connector as defined in claim 11, wherein each said terminal
includes a terminal base wall, a first terminal portion extending from said
terminal base wall and a second tenninal portion extending from said
ternzinal base wall in the same direction, said first terminal portion
being positioned within said first aperture and a respective slot, said
second terniinal portion being positioned within said second apei-tur a and
a r espective slot, said tenninal base walls being positioned within a
respective slot. 14. A comiector as defined in claim 13, wherein said first
aperture is wider than a width of said first terminal portion such that air
can flow through said aperture, and wherein said second aperture is wider
than a width of said second terminal portion such that air can flow through
said aperture. 



15. A comlector as defined in claim 13, wherein two terminals are provided
between adjacent ribs. 15   16. A comlector as defined in claim 1, wherein
ttwo terminals are provided between adjacent ribs. 17. A connector as
defined in claim 16, wherein said two terminals provided between adjacent
ribs have the same polarity. 16 .A!f.AShF.A.A@hE.A@Y.AyUY.Al.AS{
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