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SURFACE-MOUNT CONNECTOR

FIELD OF THE INVENTION

[0001] The present invention relates generally to electrical connectors. More
specifically, the invention relates to a surface-mount connector, such as a ball-grid array
connector (“BGA connector”), having features that permit air to circulate through the

connector.

BACKGROUND OF THE INVENTION

[0002] Surface-mount connectors such as BGA connectors typically include a
plurality of electrically-conductive contacts mounted in a housing. Each conductor has a
solder ball attached to a tail portion thereof. The solder balls collectively form a ball grid
array.

[0003] The solder balls are used to form electrical and mechanical connections
between the connector and a substrate, such as a printed-circuit board (PCB), on which the
connector is mounted. The connector is mounted on the substrate by heating the solder
balls to their melting point. The melted solder subsequently cools and re-haréléns to form
solder connections between the connector and the substrate.

[0004] The solder balls can be heated by placing the connector and the substrate

in a convection reflow oven. The oven directs heated air over the connector. Heat is
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transferred to the solder balls directly and indirectly, by a combination of conductive and
convective heat transfer.

[0005] The rate of heat transfer to the individual solder balls usually is not
uniform throughout the ball grid array. In particular, the heated air primarily contacts the
outermost surfaces the connector, and the outermost solder balls in the ball-grid array, i.e.,
the solder balls located proximate to the outer perimeter of the ball-grid array. The
outermost solder balls therefore tend to receive a higher amount of thermal energy than the
innermost, i.e., centrally-located, solder balls.

[0006] The need to transfer sufficient thermal energy to the innermost portion of
the connector to melt the centrally-located solder balls can be addressed by slowing the
speed of the connector and the substrate through the convection reflow oven, i.e., by
increasing the dwell time of the connector and the substrate in the oven. This approach
can lower the yield of the oven, i.e., number of connector and substrate pairs that can be
processed in the oven per unit time.

[0007] Alternatively, the temperature of the heated air within the convection
reflow oven can be increased. This approach, however, can result in unintended

connector, substrate, or component damage.

SUMMARY OF THE INVENTION

[0008] To help solve uneven heating of surface-mount connectors having fusible
elements such as solder balls, the present invention includes an electrical connector that
has heat-transfer passages, and other passages fluidly connected to the heat-transfer
passages. In general, one aspect of the present invention is to expose more of the center
portion of the connector to: (i) heated air during reflow; and (ii) ambient airflow to help

cool the connector in operation.
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[0009] A preferred embodiment of an electrical connector comprises a housing
including a body. The body defines a contact-receiving aperture extending therethrough,
and a heat-transfer aperture extending therethrough in substantially the same direction as
the contact-receiving aperture for facilitating circulation of air through the body.

[0010] A preferred embodiment of an electrical connector for mounting on a
substrate comprises a plurality of insert molded leadframe assemblies each comprising a
frame, and a plurality of electrically-conductive contacts mounted on the frame. The
connector also comprises a housing having a body including a first face that faces the
substrate when the connector is mounted thereon, and a second face. The body has a first
plurality of apertures formed therein and extending between the first and second faces for
receiving the contacts, and a second plurality of apertures formed therein and extending
between the first and second faces.

[0011] The insert-molded leadframe assemblies are secured to the housing so that
the first face of the housing and adjacent ones of the insert-molded leadframe assemblies
define passages that adjoin the second plurality of apertures.

[0012] Another preferred embodiment of an electrical connector comprises a first
and a second linear array of electrically-conductive contacts, a plurality of fusible elements
each attached to a respective one of the contacts, and a housing having a body. The body
has a first and a second linear array of apertures formed therein for receiving the respective
first and second liner arrays of contacts, and a third linear array of apertures positioned
between the first and second linear arrays of apertures for permitting air to flow through

the body.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The foregoing summary, as well as the following detailed description of a

preferred embodiment, are better understood when read in conjunction with the appended
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diagrammatic drawings. For the purpose of illustrating the invention, the drawings show
an embodiment that is presently preferred. The invention is not limited, however, to the
specific instrumentalities disclosed in the drawings. In the drawings:

[0014] Fig. 1 is a top perspective view of a preferred embodiment of a BGA-type
surface-mount connector;

[0015] Fig. 2 is a side view of the BGA-type connector shown in Fig. 1;

[0016] Fig. 3 is a side view of the BGA-type connector shown in Figs. 1 and 2,
depicting the connector mounted on a substrate;

[0017] Fig. 4 is a bottom view of the BGA-type connector shown in Figs. 1-3,
with a wafer of the connector not shown; and

[0018] Fig. 5 is a perspective view of an insert-molded leadframe assembly of the

BGA-type connector shown in Figs. 1-4.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0019] The figures depict a preferred embodiment of a BGA-type connector 10.

The figures are each referenced to a common coordinate system 20 depicted therein. The
connector 10 can be mounted on a substrate 11, as shown in Figure 3. The connector 10
comprises a housing 12, and a plurality of insert-molded leadframe assemblies (IMLAs)
14 mechanically coupled to the housing 10.

[0020] Each IMLA 14 includes electrically-conductive contacts 16. Each IMLA
14 also includes an overmolded frame 18 for holding the contacts 16, so that the contacts
16 of each IMLA 14 form a linear array. The frame 18, which is best shown in Figure 5, is
formed from a suitable electrically-insulative material such as plastic. The connector 10,
in turn, carries the IMLAs 14. Any number of the IMLAs 14 or the electrical contacts 16

can be used, depending on the desired contact density.
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[0021] Each contact 16 includes a mating portion 28, as shown in Figure 5. The
contacts 16 can be, for example, flexible dual beam mating contacts in which the mating
portion 28 comprises two contact beams 30. The contact beams 30 of each contact 16 can
receive a complementary contact beam (not shown) of another connector or electrical
device when the connector 10 is mated therewith.

[0022] Each contact 16 also includes a middle portion 32 that adjoins the mating
portion 28, and a tail portion 34 that adjoins the middle portion 32. The frame 18 of each
IMLA 14 is molded around the middle portion 32, or some other suitable portion of the
corresponding contact 16. The contacts 16 located at the opposing ends of each IMLA 14
can each include a tab 38, the purpose of which is discussed below.

[0023] Other configurations for the contacts 16 are possible in alternative
embodiments. For example, a contact having a tail portion comprising two spring beams
can be used in the alternative. This type of contact is described in pending U.S. patent
application no. 11/022,137, filed Dec. 23, 2004, the contents of which is incorporated by
reference herein in its entirety.

[0024] The connector 10 preferably includes a plurality of fusible elements in the
form of solder balls 40, and a wafer 41. Each solder ball 40 is attached to the tail portion
34 of a corresponding one of the contacts 16. The solder balls 40 collectively form a ball-
grid array 42 below the connector 10, as shown in Figure 4.

[0025] The wafer 41 is positioned between the ball grid array 42 and the frames
18 of the IMLAs 14, as shown in Figures 2 and 3. The wafer 41 has a plurality of
apertures and optional pockets formed therein. Each aperture is associated with one of the
optional pockets. The tail portion 34 of each contact 16 extends through the wafer 41 by
way of an associated one of the apertures. When used, each pocket receives a portion of

an associated one of the solder balls 40 during a first reflow operation. The pockets help
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to locate the solder balls 40 with respect to the tail portions 34 of the contacts 16. The
solder balls 40, as discussed below, are melted during a second reflow operation to form
solder connections 92 between the connector 10 and the substrate 11 when the connector
10 is mounted on the substrate 11.

5% ¢

[0026] Directional terms such as “above,” “below,” “upper,” “lower,” etc. are
used with reference to the component orientations depicted in Figures 2 and 3. These
terms are used for exemplary purposes only, and unless otherwise noted, are not meant to
limit the scope of the abpended claims.

[0027] The housing 12 includes a body 50. The body 50 has an upper surface, or
mating face 52, and a lower surface, or mounting face 54. The mating face 52 and the
mounting face 54 are best shown in Figures 1 and 4, respectively. The body 50 also
includes side portions 56 that adjoin the respective outer edges of the mating face 52 and
mounting face 54.

[0028] The body 50 has a plurality of contact-receiving apertures 70 formed
therein, as best shown in Figure 1. The contact-receiving apertures 70 extend between the
mating face 52 and the mounting face 54. Each of the contact-receiving apertures 70
receives the mating portion 28 of a corresponding one of the contacts 16. The contact-
receiving apertures 70 are arranged to match the linear arrays of the contacts 16 formed by
each IMLA 14.

[0029] The housing 12 also includes a plurality of retaining legs 60, as best
shown in Figures 1-3. The retaining legs 60 extend downward from an opposing two of
the side portions 56. Each retaining leg 60 has a slot 62 formed therein.

[0030] Opposing pairs of the retaining legs 60 retain a corresponding one of the
IMLAs 14. In particular, the slots 62 in the retaining legs 60 each receive a corresponding

one of the tabs 38 on the outermost end contacts 16 of each IMLA 14. The tabs 38 and the
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slots 62 are sized so that the each tab 38 fits snugly within the corresponding slot 62,
thereby securing the outermost contacts 16, and the rest of the corresponding IMLA 14, to
the housing 12.

[0031] Adjacent ones of the retaining legs 60 are spaced apart, as best shown in
Figures 2-4. The frame 18 of each IMLA 14 has a width, or “x” dimension, approximately
equal to the width, or “x” dimension, of the retaining legs 60. The noted spacing of the
retaining legs 60 thus causes the frames 18 of adjacent ones of the IMLAs 14 to be spaced
apart by a corresponding amount. The spacing arrangement results in voids, or passages
72 between adjacent ones of the frames 18. Each passage 72 is defined by adjacent ones
of the frames 68, and the adjacent portion of the mounting face 54. The passages 72
extend in substantially the same direction as the frames 18, i.e., the passages 72 extend
substantially in the “y” direction.

[0032] The passages 72, as discussed in detail below, can facilitate air circulation
that helps to heat the solder balls 40 as the solder balls 40 are melted to form the solder
connections 92 between the connector 10 and the substrate 11. The width, or “x”
dimension, of each passage 72 therefore should be sufficient to facilitate airflow
therethrough. In the connector 10, the width of each passage 72 is approximately half the
respective widths of the retaining legs 60 and the frames 18. It should be noted that this
particular dimensional relationship is described for exemplary purposes only. Other
dimensional relationships can be used in the alternative. For example, the width of the
passages 72 can be increased or decreased, depending on the desired contact density.

[0033] The body 50 has a plurality of heat-transfer apertures 88 formed therein,
as best shown in Figures 1 and 4. The heat-transfer apertures 88 extend between the
mating face 52 and the mounting face 54. The heat-transfer apertures 88, as discussed in

detail below, can facilitate air circulation that helps to heat the solder balls 40 as the solder
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balls 40 are melted to form the solder connections 92 between the connector 10 and the
substrate 11.

[0034] A row of the heat-transfer apertures 88 is preferably formed between each
adjacent row of the contact-receiving apertures 70. The bottom of each heat-transfer
aperture 88 fluidly connects to a corresponding one of the passages 72. Any number of
heat-transfer apertures 88 can be disposed in each row thereof, although rows of five or
more of the heat-transfer apertures 88 are preferred. The heat-transfer apertures 70
preferably are rectangular, although other shapes can be used in the alternative.

[0035] The solder balls 40, as noted above, are melted in a reflow operation to
form solder connections 92 between the connector 10 and the substrate 11 when the
connector 10 is mounted on the substrate 11. In particular, the connector 10 preferably is
placed on the substrate 11 so that each solder ball 40 substantially aligns with a
corresponding electrically-conductive contact pad 90 on the substrate 11. The connector
10 and the substrate 11 are then heated by a thermally-excited medium, such as heated air.

[0036] The heating of the solder balls 40 eventually causes the solder balls 40 to
melt and form solder connections 92 between each corresponding pair of contacts 16 and
solder pads 90. The solder connections 92 are depicted diagrammatically in Figure 3.

[0037] The liquid solder from the solder balls 40 is allowed to cool after the
connector 10 and the substrate 11 exit the oven. The liquid solder, upon cooling, solidifies
into the solder connections 92. The solder connections 92 electrically and mechanically
couple the connector 10 to the contacts pads 90 of the substrate 11.

[0038] The heat-transfer apertures 88 and the passages 72 increase the rate of
heat transfer to the solder balls 40. In particular, the heat-transfer apertures 88 adjoin the
passages 72, as noted above. Therefore, the heat transfer apertures 88 and the passages 72

provide a fluid path for heated air flowing over the connector 10.
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[0039] Once entering the passages 72, some of the heated air can reach the solder
balls 40 by way of additional apertures formed in the wafer 41, such as between columns
or rows of contact/solder ball ends, thereby increasing the heat-transfer rate to the solder
balls 40. Moreover, convective heat transfer can occur to the structure of the connector 10
that defines the passages 72. For example, the heated air can warm the frames 18 of the
IMLAs 14. Conductive heat transfer from the frames 18 to the associated contacts 16 and
solder balls 40 can further warm the solder balls 40.

[0040] The heat-transfer apertures 88 and the passages 72 can thus increase the
rate of heat transfer to the solder balls 40, and in particular to the innermost, i.e., centrally-
located, solder balls 40 in the ball-grid array 42. The heat-transfer apertures 88 and the
passages 72 can thereby help to substantially reduce or eliminate the disparity in the
temperature of the outermost and innermost of the contacts 16 that could otherwise occur
during the reflow process.

[0041] The heat-transfer apertures 88 and the passages 72 therefore can
potentially eliminate the need to subject the connector 10 and the substrate 11 to excessive
temperatures or relatively lengthy dwell times in the solder reflow oven to ensure adequate
heating of the innermost solder balls 40. In addition, the heat-transfer apertures 88 and the
passages 72 can potentially enhance the uniformity, integrity, and reliability of the solder
connections 92. In addition, the heat flow may also make it easier to remove a connector
that is already soldered to a substrate. An attached connector has less clearance between
the bottom of the connector and the surface of the substrate. This makes heating solder
connections at an interior point on the BGA pattern more difficult. The present invention
helps to alleviate this problem.

[0042] The heat-transfer apertures 88 and the passages 72 can be used in

connection with other techniques to affect the heating of the solder balls 40. For example,
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the connector 10, and alternative embodiments thereof, can be equipped with a cap such as
the cap disclosed in pending U.S. patent application no. 10/340,279, filed Jan. 10, 2003,
the contents of which is incorporated by reference herein in its entirety, to retard the
melting of the solder balls 40 by blocking the apertures 88 and the passageways 72.

[0043] Moreover, the heat-transfer apertures 88 and the passages 72 can facilitate
circulation of ambient air through the connector 10 in operation, thereby helping to cool
the connector 10.

[0044] The foregoing description is provided for the purpose of explanation and
is not to be construed as limiting the invention. While the invention has been described
with reference to preferred embodiments or preferred methods, it is understood that the
words which have been used herein are words of description and illustration, rather than
words of limitation. Furthermore, although the invention has been described herein with
reference to particular structure, methods, and embodiments, the invention is not intended
to be limited to the particulars disclosed herein, as the invention extends to all structures,
methods and uses that are within the scope of the appended claims. Those skilled in the
relevant art, having the benefit of the teachings of this specification, may effect numerous
modifications to the invention as described herein, and changes may be made without
departing from the scope and spirit of the invention as defined by the appended claims.

[0045] For example alternative embodiments of the connector 10 can be
configured without the passages 72 or the heat-transfer apertures 88. In other words,
alternative embodiments can include the passages 72 without the heat-transfer apertures
88. Other alternative embodiments can include the heat-transfer apertures 88 without the
passages 72. Moreover, the principles of the invention can be applied to plug connectors,
as well receptacle connectors. The principles of the invention can also be applied any type

of object that is surface mounted, including but not limited to right-angle connectors.

10
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What is Claimed:

1. An electrical connector, comprising a housing including a body, the body
defining a contact-receiving aperture extending therethrough, and a heat-transfer aperture
extending therethrough in substantially the same direction as the contact-receiving

aperture for facilitating circulation of air through the body.

2. The electrical connector of claim 1, further comprising an electrically-
insulative frame having an electrical contact mounted on the frame, wherein two adjacent
frames define a passage therebetween that is fluidly connected to the heat-transfer

apertures.

3. The electrical connector of claim 2, wherein the heat-transfer aperture

extends between a mating face and a mounting face of the housing.

4. The electrical connector of claim 3, wherein the passage is defined by a

mating face of the housing.

5. The electrical connector of claim 2, further comprising a plurality of

retaining legs extending from opposing sides of the body for retaining the frame.

6. The electrical connector of claim 5, wherein opposing ends of the frame are

secured to opposing ones of the plurality retaining legs, and adjacent ones of the retaining

legs are spaced apart so that ends of the passages are open.

11
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7. The electrical connector of claim 2, wherein the heat-transfer aperture
extends substantially in a first direction, and the passage extends substantially in a second

direction perpendicular to the first direction.

8. The electrical connector of claim 2, further comprising a fusible element
attached to the electrical contact, wherein the heat-transfer aperture and the passage can

facilitate circulation of heated air toward the fusible elements.

9. An electrical connector for mounting on a substrate, comprising:

a plurality of insert molded leadframe assemblies each comprising a frame
and a plurality of electrically-conductive contacts mounted on the frame;

a housing having a body including a first face that faces the substrate when
the connector is mounted thereon, and a second face, the body having a first plurality of
apertures formed therein and extending between the first and second faces for receiving
the contacts, and a second plurality of apertures formed therein and extending between the
first and second faces, wherein the insert-molded leadframe assemblies are secured to the
housing so that the first face of the housing and adjacent ones of the insert-molded

leadframe assemblies define passages that adjoin the second plurality of apertures.

10.  The electrical connector of claim 9, further comprising a plurality of
retaining legs extending from opposing sides of the body for retaining the insert-molded

leadframe assemblies.

11. The electrical connector of claim 9, wherein adjacent ones of the retaining

legs are spaced apart so that ends of the passages are open.

12
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12.  The electrical connector of claim 9, wherein the second plurality of
apertures extend substantially in a first direction, and the passages extend substantially in a

second direction perpendicular to the first direction.

13. The electrical connector of claim 9, further comprising a plurality of solder
balls attached to respective ones of the contacts for forming solder connections between

the electrical connector and the substrate.

14. The electrical connector of claim 13, wherein the second plurality of
apertures and the passages can facilitate circulation of heated air toward the fusible

elements.

15. An electrical connector, comprising:
a first and a second linear array of electrically-conductive contacts;
a plurality of fusible elements each attached to a respective one of the
contacts; and
a housing having a body, the body having a first and a second linear array
of apertures formed therein for receiving the respective first and second liner arrays of
contacts, and a third linear array of apertures positioned between the first and second linear

arrays of apertures for permitting air to flow through the body.

16.  The electrical connector of claim 15, further comprising a first insert-
molded leadframe assembly comprising a first frame and the first linear array of contact

mounted on the first frame, and a second insert-molded leadframe assembly comprising a

13
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second frame and the second linear array of contact mounted on the second frame, wherein
the first and second frames are secured to the housing so that the first and second frames
and a surface of the housing define a passage that adjoins the third linear array of

apertures.

17.  The electrical connector of claim 16, wherein the housing comprises a
plurality of retaining legs, the first and second frames are secured to respective ones of the
retaining legs, and the retaining legs are spaced apart so that the first and second frames

are spaced apart by a corresponding amount and ends of the passage are open.

18.  The electrical connector of claim 15, wherein the third linear array of

apertures extend between a mating face and a mounting face of the body.

19.  The electrical connector of claim 16, wherein the third linear array of

apertures and the passage form a path for air to circulate through the electrical connector.

20.  The electrical connector of claim 1, further comprising a wafer that defines

one of a contact aperture and an additional aperture adjacent to the contact aperture.

14
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