
WO 2011/090657PCT/US2010/061477 ELECTRICAL CONNECTOR HAVING IMPEDENCE
TUNING RIBS BACKGROUND       [0001] A mezzanine electrical connector with
edge coupled differential signal pairs is described in U.S. Patent
Application Serial No. 12/197,434, filed August 25, 2008, the disclosure of
which is hereby incorporated by reference in its entirety herein. A
right-angle connector with single-ended or edge coupled differential signal
pairs is described in U.S. Patent No. 7,442,054, the disclosure of which is
hereby incorporated by reference in its entirety herein.       [0002] When
an electrical connector is designed or actually made, electrical
characteristics of the electrical connector (skew, differential or
single-ended impedance, crosstalk, etc.) and the physical characteristics
of the electrical connector (mating interface dimensions, mounting
footprint dimensions, card pitch, etc.) become fixed variables. SUMMARY
[0003] In one embodiment, the present disclosure seeks to modify a
pre-existing electrical characteristic (differential impedance, skew,
crosstalk, etc.) of a commercially available, known, or pre-existing
electrical connector without changing the form factor (shape, size, height,
card pitch, depth, width, mating interface, mounting footprint, or any two
or more of these physical characteristics) of the commercially available,
known, or existing electrical connector.       [0004] According to another
embodiment, a rib made of plastic, conductive lossy material,
non-conductive lossy material, or other suitable material can be added
along one or more electrical contacts of a pre-existing electrical
connector. The rib changes an electrical characteristic of the pre-existing
electrical connector, like impedance or skew, without changing mating
interface dimensions or mounting interface dimensions of the pre-exisiting
electrical connector. At high data transmission speeds, differential
impedance mating and skew correction can also improve unwanted crosstalk
and insertion loss values. 



[0005] In accordance with one embodiment, an electrical connector includes
a connector housing that supports a plurality of electrical contacts that
each define a mating end  WO 2011/090657PCT/US2010/061477 and an opposed
mounting end. The electrical contacts are arranged in a plurality of
columns that each extend along a column direction, the columns spaced apart
along a row direction, such that electrical contacts adjacent each other
along a row direction define a space therebetween. The electrical connector
further includes at least one rib disposed in the space and extending
substantially parallel to the adjacent electrical contacts, such that the
at least one rib and air are disposed in the space. The at least one rib is
made from a material having a dielectric constant greater than air.
[0006] For example, the rib can be used to convert a pre-existing 10010 Ohm
differential mezzanine electrical connector into an 8510 Ohm differential
electrical connector without changing mating interface dimensions or
mounting footprint dimensions of the preexisting 10010 Ohm differential
mezzanine electrical connector. The rib can be used to convert a
pre-existing 10010 Ohm differential broadside right angle electrical
connector into an 8510 Ohm differential broadside right angle electrical
connector without changing mating interface dimensions or a mounting
footprint dimensions of the pre-existing 10010 Ohm differential broadside
right angle electrical connector. The rib can also be used to reduce skew
in a preexisting or designed 10010 Ohm differential edge coupled right
angle electrical connector without significantly reducing differential
impedance in the pre-existing or designed 10010 Ohm differential edge
coupled electrical connector, without changing mating interface dimensions,
and without changing mounting footprint dimensions of the pre-existing or
designed 10010 Ohm differential edge coupled electrical connector.  WO
2011/090657PCT/US2010/061477 



BRIEF DESCRIPTION OF THE DRAWINGS       [0007] The foregoing summary, as
well as the following detailed description of a preferred embodiment, are
better understood when read in conjunction with the appended 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:       [0008] Fig. 1 is a perspective view of an electrical
connector system including a first electrical connector and a similarly
constructed second electrical connector mated with the first electrical
connector, wherein a portion of the connector housing is removed;
[0009] Fig. 2 is an enlarged perspective view of a portion of one of the
electrical connectors illustrated in Fig. 1;       [0010] Fig. 3 is an
enlarged top plan view of a portion of the electrical connector illustrated
in Fig. 2;       [0011] Fig. 4 is a sectional top plan view of a portion of
a plurality of leadframe assemblies of the electrical connector illustrated
in Fig. 2; [0012] Fig. 5 is a perspective view of one of the leadframe
assemblies illustrated in Fig. 4; 



[0013] Fig. 6 is a sectional end view of the electrical connector
illustrated in Fig. 2, showing a pair of electrical contacts of a
respective pair of leadframe assemblies spaced apart along a row direction,
the electrical connector including a pair of ribs extending along opposed
sides of the electrical contacts;       [0014] Fig. 7 is a sectional end
view showing of the electrical contacts similar to Fig. 6, and a pair of
offset ribs in accordance with an alternative embodiment;       [0015] Fig.
8 is a top plan view of a portion of the electrical contacts similar to
Fig. 7, showing a pair of ribs constructed in accordance with an
alternative embodiment;       [0016] Fig. 9 is a top plan view of a portion
of the electrical contacts similar to Fig. 7, showing a pair of curved ribs
constructed in accordance with an alternative embodiment;       [0017] Fig.
10 is a top plan view of a portion of the electrical contacts similar to
Fig. 7, showing a single rib constructed in accordance with an alternative
embodiment;       [0018] Fig. 11 is a perspective top view of a first
electrical connector having a rib extending along at least one of the
electrical contacts; [0019] Fig. 12 is a perspective view of a first right
angle leadframe assembly; [0020] Fig. 13 is a perspective view of a second
right angle leadframe assembly; 



WO 2011/090657PCT/US2010/061477 [0021] Fig. 14 is a side view of the second
right angle leadframe assembly shown in Fig. 13; and       [0022] Fig. 15
is a perspective top view of a second electrical connector devoid of any
ribs extending along the electrical contacts, but otherwise identical to
the first electrical connector illustrated in Fig. 11. DETAILED DESCRIPTION
[0023] In accordance with one embodiment, an electrical connector includes
a plurality of electrical contacts and a plurality of ribs that are
disposed adjacent respective ones of the plurality of electrical contacts.
The rib preferably has a dielectric constant greater than air such that the
impedance or skew of the electrical connector is reduced with respect to a
substantially identical electrical connector that does not include ribs
disposed between adjacent electrical contacts.       [0024] Referring to
Fig. 1, an electrical connector assembly 20 includes a first electrical
connector 22 configured to be electrically connected to a first substrate
which can be provided as a printed circuit board, and a second electrical
connector 24 configured to be electrically connected to a second substrate
such as a printed circuit board. The first and second electrical connectors
22 and 24 are configured to mate with each other so as to place the first
and second substrates in electrical communication with each other. Unless
otherwise indicated, the first and second electrical connectors 22 and 24
of the electrical connector assembly 20 can be 



constructed as described in U.S. Patent Application Serial No. 12/197,434,
filed August 25, 2008, the disclosure of which is hereby incorporated by
reference in its entirety herein.       [0025] Accordingly, the second
electrical connector can be constructed substantially identically with
respect to the first electrical connector 22. Thus, the second electrical
connector 24 can be constructed as described below with respect to the
first electrical connector unless otherwise indicated below. The first
electrical connector includes a connector housing 26 that supports a
plurality of electrical contacts 46. The connector housing is dielectric or
electrically insulative, and defines a front end 32, an opposed rear end
34, a first pair of opposed sides 36, and a second pair of opposed sides
38. The front and rear ends 32 and 34 are spaced apart along a longitudinal
direction L, each of the first pair of opposed sides 36 are spaced apart
along a lateral direction A that is substantially perpendicular with
respect to the longitudinal direction L, and each of the second pair of
opposed sides 38 are spaced apart along a transverse direction T that is
substantially perpendicular with respect to both the longitudinal direction
L and the lateral direction A. In accordance with the illustrated
embodiment, the transverse direction T is oriented  WO
2011/090657PCT/US2010/061477 vertically, and the longitudinal and lateral
directions L and A are oriented horizontally, though it should be
appreciated that the orientation of the first electrical connector 22 may
vary during use. In accordance with the illustrated embodiment, the first
electrical connector 22 is illustrated as elongate in the longitudinal
direction L.       [0026] The first electrical connector 22 further
includes a plurality of electrical contacts 46 that are electrically
conductive and supported by the connector housing 26. The first electrical
connector 22 defines a mating interface 40 disposed proximate to the front
end 32, and a mounting interface 42 disposed proximate to the rear end 34.
The mating interface 40 is configured to operatively engage the mating
interface 40 of the second electrical connector 24 when the first
electrical connector 22 is mated with the second electrical connector 24,
and the mounting interface 42 is configured to be placed in electrical
communication with the underlying first substrate when the first electrical
connector 22 is mounted to the underlying first substrate. The mounting
interface 44 is configured to be placed in electrical communication with
the underlying second substrate when the mounted to the underlying second
substrate.       [0027] Referring also to Fig. 5, each of the electrical
contacts 46 defines a mating end 50 disposed proximate to the mating
interface 40, an opposed mounting end 52 disposed proximate to the mounting
interface 42, and a body portion 55 that extends between the mating end 50
and the mounting end 52. The mating ends 50 of the electrical contacts 46
extend out or forward from the connector housing 26 and are configured to
mate, or electrically connect, with complementary mating ends of the
electrical contacts of the second electrical connector 24 when the first
and second electrical connectors 22 and 24 are mated. The mounting ends 52
extend out or rearward from the connector housing 26, and are configured to
electrically connect with complementary electrical traces in the underlying
substrate when the first electrical connector 22 is mounted to the
underlying substrate. Accordingly, the electrical contacts 46 place the
underlying substrate in electrical communication with the electrical
contacts of the second electrical connector 24 when the first electrical
connector 22 is mated with the second electrical connector 24 and mounted
to the underlying substrate.       [0028] The mating ends 50 of the
electrical contacts 46 can be hermaphroditic, and forked or split as
illustrated, or otherwise configured as desired. Alternatively, the mating
ends 50 of the first electrical connector 22 can be provided as receptacles
that are configured to receive complementary header mating ends 50 of the
electrical contacts 46 of the second electrical connector 24, or can
alternatively be provided as header mating ends configured to be received
in complementary receptacle mating ends of electrical contacts of the
second electrical connector 24. The mounting ends 52 can be configured to
be surface mounted (e.g., soldered) 



WO 2011/090657PCT/US2010/061477 onto electrical pads of the underlying
substrate, can be configured to be press-fit mounted into complementary
apertures of the underlying substrate, or otherwise electrically connected
to electrical traces of the underlying substrate as desired.       [0029]
In accordance with the illustrated embodiment, the mating interface 40 of
the first electrical connector 22 is oriented substantially parallel with
respect to the mounting interface 42, and the mating ends 50 of the
electrical contacts 46 are substantially parallel with respect to the
mounting ends 52. Thus, the first electrical connector 22 can be referred
to as a mezzanine or vertical connector, and the electrical contacts 46 can
be referred to as mezzanine or vertical contacts. It should be appreciated,
of course that the first electrical connector 22 can alternatively be
configured as a right-angle electrical connector (as shown in Figs. 11-15),
whereby the mating interface 40 is oriented substantially perpendicular
with respect to the mounting interface 42. Likewise, the electrical
contacts 46 can alternatively be configured as right-angle electrical
contacts, whereby the mating ends 50 are oriented substantially
perpendicular with respect to the mounting ends 52.       [0030] The first
electrical connector 22 further includes a plurality of leadframe
assemblies 44 that each, in turn, includes a respective insulative
leadframe housing 48. The leadframe housing 48 of each leadframe assembly
44 can be made from a dielectric or electrically insulative material, and
supports select ones of the plurality of the electrical contacts 46 that
are stitched or otherwise supported by the respective leadframe housing 48.
Alternatively, the leadframe assemblies 44 can be in the form of insert
molded leadframe assemblies (IMLAs) whereby the leadframe housings 48 are
overmolded onto the respective electrical contacts 46.       [0031] In
accordance with the illustrated embodiment, each of the leadframe housings
48 defines at least one frame such as a first or front frame 51 and an
opposed second or rear frame 53 spaced from the front frame 48 along the
longitudinal direction L. The frames 51 and 53 each surround and support
the electrical contacts 46 of the leadframe assembly 44, such that the body
portions 55 extend between the frames 51 and 53. The first and second
frames 51 and 53 can be spaced apart and disjoined from each other, or can
alternatively be integral with each other or otherwise connected by
leadframe housing material. The front and rear frames 51 and 53 are
overmolded onto the electrical contacts 46. It should be appreciated that
the leadframe housings 46 can define any suitable alternative size and
shape as desired, and can further include one or more frames that can be
integral with each other or spaced apart. The frames 51 and 53 can be made
from any suitable dielectric material such as plastic, for instance a
liquid crystal polymer (LCP). WO 2011/090657PCT/US2010/061477       [0032]
The first or upper frame 51 is disposed proximate to the mating interface
40 of the first electrical connector 22 relative to the second or lower
frame 53, and the second or lower frame 53 is disposed proximate to the
mounting interface 42 of the first electrical connector 22 relative to the
first or upper frame 51. Thus, the mating ends 50 of the respective
electrical contacts 48 project longitudinally out from the first frame 51,
and the mounting ends 52 of the respective electrical contacts 48 project
longitudinally out from the second frame 53. Each leadframe assembly 44 can
include projections 58 extending form one or both of the frames 51 and 53,
such as the lower frame 53 as illustrated, and complementary recesses 60
disposed adjacent the projections 58 and configured to receive the
projections 58 of adjacent leadframe assemblies 44. In accordance with the
illustrated embodiments, the leadframe assemblies 44 include the
projections 58 and recesses 60 alternatingly arranged and carried on both
opposed sides of the lower frame 53. Thus, the adjacent leadframe
assemblies 44 can be connected such that the projections 58 of each
leadframe assembly 44 are received in the respective recesses 60 of the
adjacent leadframe assemblies so as to couple the leadframe assemblies 44
to each other in the connector housing 26. The lower frame 53 can include
outwardly extending tabs 61 that fit in complementary recesses 63 of the
connector housing 26 so as to secure the leadframe assemblies 44 in the
connector housing 26.       [0033] The electrical contacts 46 of each
leadframe assembly 44 are spaced apart along a column direction 67 that
extends laterally between the first pair of opposed sides 36. The
electrical connector 22 can define a column pitch, which is a distance
between centerlines of adjacent electrical contacts 46 along the column
direction 67, of approximately 0.6 mm to approximately 1.5 mm, such as
approximately 1 mm, or any suitable alternative distance. The leadframe
assemblies 44 are spaced from each other along a row direction 69 that
extends transversely between the second pair of opposed sides 38. In
accordance with the illustrated embodiment, the first electrical connector
22 includes four leadframe assemblies 44, though it should be appreciated
that the first electrical connector can include as many leadframe
assemblies 44 as desired. As illustrated, the four leadframe assemblies are
supported by the connector housing 26 in respective transversely spaced
rows 31A-D. The electrical connector 22 can define a row pitch, which is a
distance between centerlines of adjacent electrical contacts 46 along the
row direction 69, of approximately 1 mm to approximately 2 mm, such as
approximately 1.3 mm, or any suitable alternative distance. Each leadframe
assembly 44 retains twelve electrical contacts 46 spaced along the column
direction 67 as illustrated, though it should be appreciated that each
leadframe assembly 44 can include any number of electrical contacts 48
greater or less than twelve as desired, such as twenty, or more or less
than twenty. 



WO 2011/090657PCT/US2010/061477       [0034] In accordance with the
illustrated embodiment, the electrical contacts 46 of each leadframe
assembly 44 can include at least one signal contact 47 such as a plurality
of signal contacts 47, and at least one ground contact 49 such as a
plurality of ground contacts 49 that can be arranged as desired along the
column direction. In accordance with the illustrated embodiment, adjacent
pairs of signal contacts 47 along the column direction can define
differential signal pairs. Alternatively, the signal contacts 47 can be
single-ended. The ground contacts 49 can be disposed adjacent a signal
contact 47, and can be disposed between adjacent signal contacts 47. For
instance, the ground contacts 49 can be disposed between adjacent pairs of
signal contacts 47, such as between adjacent differential signal pairs.
Accordingly, a given ground contact 49 can be disposed between a first pair
of adjacent signal contacts 47 and a second pair of adjacent signal
contacts 47.       [0035] The plurality of electrical contacts 46 can be
arranged in any configuration within the associated leadframe assembly 44,
and can define an open field such that the electrical contacts 46 can be
assigned ground contacts or signal contacts as desired. In accordance with
one embodiment, the electrical contacts 46 can be assigned signal contacts
and ground contacts so as to define a repeating signal-signal-ground
(S-S-G) pattern along the column direction in the respective leadframe
assemblies 44. The contact pattern of a given leadframe assembly 44 can be
offset with respect to the contact pattern of an adjacent leadframe
assembly 44. For instance, the leadframe assemblies 44 can include a first
plurality of leadframe assemblies that define a repeating S-S-G-S-S-G
pattern along the column direction from one of the first pair of opposed
sides 36 to the other of the pair of opposed sides 36, and a second
plurality of leadframe assemblies 44 that define a repeating G-S-S-G-S-S
pattern along the column direction from the same one of the first pair of
opposed sides 36 to the other of the pair of opposed sides 36 as the first
plurality of leadframe assemblies 44. The first and second pluralities of
leadframe assemblies can be alternatingly arranged along the row direction.
It should be appreciated that the electrical contacts 48 of each leadframe
assembly 44 can be provided in any pattern as desired, and the electrical
contact patterns of adjacent leadframe assemblies 44 can be offset or
aligned with each other as desired.       [0036] During operation, the
electrical connectors 22 and 26 are configured to be mated to each other
such that the mating interfaces 40 of the first electrical connector 22
mates with the mating interface 40 of the second electrical connector 24,
thereby placing the electrical contacts 46 of the electrical connectors 24
and 24 in electrical communication with each other.. When the first and
second electrical connectors 22 and 24 are mounted to an underlying
substrate, such as a printed circuit board, the respective mounting ends 52
of the electrical contacts 46 electrically WO 2011/090657PCT/US2010/061477
connect to electrical traces of the first substrate so as to place the
electrical contacts 46 of each electrical connector 22 and 24 in electrical
communication with the respective substrate and each other, thereby placing
the substrates in electrical communication with each other.       [0037]
Referring now to Figs. 1-6, each of the electrical contacts 46 can define
respective first and second opposed broadsides 54 and first and second
edges 56 connected between the broadsides along a length that is less than
that of the broadsides 56, such that the electrical contacts 46 define a
substantially rectangular cross section. In accordance with the illustrated
embodiment, the broadsides 54 extend laterally, or along a direction
substantially parallel to the column direction 67. Thus, the edges 56 of
adjacent electrical contacts 46 can face each other along the respective
column 39. The electrical contacts 46 can each define a first central axis
57 that extends along the column direction, or substantially parallel to
the opposed broadsides 54 at a location substantially midway between the
opposed broadsides 54, and a second central axis 59 that extends along the
row direction 69, or substantially parallel to the opposed edges 56 at a
location substantially midway between the opposed edges 56.       [0038]
Accordingly, when the adjacent signal contacts 47 define respective
differential pairs, the adjacent signal contacts 47 can be referred to as
edge-coupled signal contacts. In accordance with the illustrated
embodiment, the electrical contacts 46 are oriented so as to be edge
coupled along the column direction 67. Thus, the broadsides 54 of each of
the plurality of electrical contacts 46 faces the respective broadsides 54
of electrical contacts 46 of the adjacent leadframe assembly 44 that are
aligned along the row direction 69. The electrical contacts 46 of the
transversely outermost leadframe assemblies 44 define only one broadside 54
that faces the respective broadside 54 of the aligned electrical contacts
46 of the adjacent leadframe assemblies 44. Both opposed broadsides 55 of
the leadframe assemblies 44 that are inwardly disposed with respect to the
outermost leadframe assemblies 44 face respective broadsides 54 of aligned
electrical contacts 46 of adjacent leadframe assemblies 44. Alternatively,
it should be appreciated that the signal contacts 47 can be oriented such
that the broadsides 54 of adjacent signal contacts 47 of a given
differential pair face each other, such that the adjacent signal contacts
47 can alternatively be referred to as broadside-coupled signal contacts. 



[0039] With continuing reference to Figs. 2-6, at least one up to all of
the leadframe assemblies 46 further includes at least one rib such as a
plurality of ribs 62 that extend between, and are illustrated as connected
between, the first and second frames 38 and 40. The ribs 62 can be
longitudinally elongate along a substantial entirety of the electrical
contacts 46, and in particular the broadsides 54 of the electrical contacts
46, between the first and second frames 51 and 53, for instance adjacent to
the contact bodies 55. Thus, the ribs 62 extend substantially WO
2011/090657PCT/US2010/061477 parallel with respect to the electrical
contacts 46 along the longitudinal direction defined between the mating
ends 50 and the mounting ends 52, even though the ribs 62 may not extend to
the mating ends 50 and the mounting ends 52. Thus, the ribs 62 can extend
along a portion or a majority of the length of the electrical contacts 46.
Furthermore, the ribs 62 can extend substantially linearly in accordance
with the illustrated embodiment, though it should be appreciated that the
ribs 62 can define any suitable shape, and can be bent or curved, for
instance, if the electrical contacts 46 are right-angle contacts. In
accordance with the illustrated embodiment, the ribs 62 are connected
between the first and second frames 51 and 53 as illustrated, the ribs 62
can alternatively extend between the frames 51 and 53, such that the ribs
62 extend from only one of the frames 51 and 53 toward the other frame but
terminate at a location spaced from the opposed frame. Thus, the ribs 62
can extend along a part or the entire portion of respective ones of the
plurality of electrical contacts 46 that extend between the frames 51 and
53.         [0040] At least one of the ribs 62 can extend along at least
one of the opposed broadsides 54 of at least a select electrical contact 46
of the plurality of electrical contacts 46 up to all of the plurality of
electrical contacts 46. For example, each of the electrical contacts 46 may
include a first rib 62a (Fig. 3) on one of the opposed broadsides 46 and a
second rib 62b on the other one of the opposed broadsides 46. Two adjacent
ones 46A, 46B of the plurality of electrical contacts 46 may define an edge
coupled differential signal pair.         [0041] Whether the ribs 62
actually touch the respective broadsides 54, or are slightly spaced apart
from the broadsides, the ribs 62 can nevertheless be described as extending
along the broadside. Accordingly, the at least one rib 62 is disposed
between the select electrical contact 46 and an adjacent electrical contact
46 along the row direction. The ribs 62 are disposed adjacent both opposed
broadsides 54 of the electrical contacts 46, and extend along the
respective broadsides 54. Furthermore, in accordance with the illustrated
embodiment, the ribs 62 extend out from the broadsides 54 of the electrical
contacts 46 toward an adjacent electrical contact 46 along the row
direction 69.       [0042] The ribs 62 can define any suitable shape as
desired, such as the shape of any polygon, regular or irregular, as
desired. For instance, as illustrated in Fig. 6, the ribs 62 can be
substantially rectangular in shape having longer sides 68 that extend
substantially parallel to the respective adjacent broadside 54 and
substantially perpendicular to the respective edges 56, and shorter sides
70 that extend substantially parallel to the respective edges 56 and
substantially perpendicular to the respective broadside 54. Alternatively,
referring to Fig. 8, the longer sides 68 can extend substantially
perpendicular to the respective adjacent broadside 54 and 



WO 2011/090657PCT/US2010/061477 substantially parallel to the respective
edges 56, and the shorter sides 70 can extend substantially perpendicular
to the respective edges 56 and substantially parallel to the respective
broadside 54. Alternatively still, as illustrated in Fig. 9, the ribs 62
can be round and define a curved outer surface 72 that can define an arc or
any alternative suitable curved surface. The ribs 62 can thus define a
rectangular or square cross-section, or any alternative geometric cross
section as desired, including but not limited to triangular or other
polygonal cross sections, or rounded cross sections such as circular cross
sections and oval cross sections.         [0043] The ribs 62 can be
overmolded onto the plurality of electrical contacts 36 along with the
first and second frames 38 and 40, or the ribs 62 can be discretely
connected to the first and second frames 38 and 40, and/or the plurality of
electrical contacts 36. The ribs 62 can be made from a dielectric material
such as plastic, for instance liquid crystal polymer. Thus, in accordance
with the illustrated embodiment, the ribs 62 are made from the same
material as the first and second frames 51 and 53. The ribs 62 can be
integral with the first and second frames 51 and 53, or can be discreetly
connected to the first and second frames 51 and 53 as desired. In this
regard, the ribs 62 can be made from the same or a different material than
the frames 51 and 53. The ribs 62 are made from a material having a
dielectric constant greater than air, and accordingly reduce the impedance
of a similarly constructed connector having only air disposed between the
broadsides of the plurality of electrical contacts 36. For instance, air
has a dielectric constant of approximately 1.0, while liquid crystal
polymer has a dielectric constant of approximately 3.8.         [0044]
Referring again to Fig. 6, the first electrical connector 22 defines a
space 66 disposed between adjacent electrical contacts 46 along the row
direction 69, and in particular disposed between the respective broadsides
54 of the adjacent electrical contacts 46 that face each other along the
row direction, and extending between the opposed edges 56 of the adjacent
electrical contacts 46. The space 66 can, for instance, be an air pocket,
and the ribs 62 can extend from the respective broadsides 54 of the
adjacent electrical contacts 46 into the space 66. In accordance with the
illustrated embodiment, the space 66 includes both air along with the ribs
62. For instance, the first electrical connector 22 includes a first rib 62
that is disposed adjacent the broadside 54 of a first electrical contact
46a, and second rib 62 that is disposed adjacent the broadside 54 of a
second electrical contact 46b that is disposed adjacent the first
electrical contact 46 along the row direction, such that a pair of ribs 62
is disposed in the space 66. Alternatively, the ribs 62 can extend along
only one of the opposed broadsides 54 of the electrical contacts 46, such
that only one rib 62 is disposed in the space 66. It can thus be said that
the first electrical connector 22 includes at least one rib 62 that is
disposed adjacent, or  WO 2011/090657PCT/US2010/061477 extends along or out
from, a respective broadside 54 of at least one up to all of the electrical
contacts 46. 



[0045] In accordance with the illustrated embodiment, the rib 62 disposed
in the space 66 adjacent the first electrical contact 46a and the rib 62
disposed in the space 66 adjacent the broadside 54 of the second electrical
contact 46b do not touch each other, such that both air and the ribs 62 are
disposed in the space 66. Alternatively, if only one rib 62 is disposed in
the space, the rib 62 can be configured so as to not touch the adjacent
electrical contact along the row direction. Alternatively or additionally,
the space 66 can include air along with the at least one rib 62 because the
at least one rib 62 extends along only a portion of the broadside 54 along
the column direction. Otherwise stated, the broadside 54 is longer along
the column direction than the respective adjacent rib 62.       [0046]
Alternatively, the at least one rib 62 can touch the opposed rib 62 and can
extend substantially along the entire length of the broadside 54 along the
column direction, and the ribs 62 can be shaped so as to define an air
space between the first and second electrical contacts 46a and 46b. For
instance, the ribs 62 can be round as illustrated in Fig. 9, such that the
ribs 62 can abut each other or the broadside 54 of the adjacent electrical
contact 46 such that the space 66 includes the rib as well as air.
[0047] It is recognized that as the ribs 62 define a volume in the space
66, such that as the volume of the ribs 62 increases in the space 66
relative to the volume of air disposed in the space 66, the overall
dielectric constant in the space 66 increases, thereby decreasing the
impedance of the first electrical connector 22 with respect to a
conventional electrical connector having only air disposed in the space 66.
It should be appreciated that the dielectric constant of the space 66 is
greater than air. The volume of the ribs 62 disposed in the space 66 can be
adjusted to thereby adjust the dielectric constant of the space 66, such
that the dielectric constant of the space 66 is greater than a
substantially identical space 66 that is filled only with air. It is
further appreciated that as the volume of the space 66 occupied by the at
least one rib 62 or ribs 62 increases relative to the air in the space 66,
the impedance of the first electrical connector 22 decreases. For instance,
one or both of the lateral width and the transverse depth of each of the
ribs 62 can be increased so as to increase the overall dielectric constant
of the space 66, thereby reducing the impedance of the first electrical
connector 22. One or both of the lateral width and transverse depth of each
of the ribs 62 can be decreased so as to decrease the overall dielectric
constant of the space 66, thereby increasing the impedance of the first
electrical connector 22. Thus, the electrical connector 22 includes a first
material, such as air, disposed in the space 66 and a second material, such
as plastic, for instance liquid crystal polymer, disposed in the space  WO
2011/090657PCT/US2010/061477 that has a dielectric constant greater than
the first material. It should be appreciated that the first and second
materials can be selected as desired. For instance, the rib 62 disposed
adjacent one of the broadsides 54 in the space 66 can be made from a
plastic having a first dielectric constant, and the rib 62 dispose adjacent
the opposed broadside 54 in the space 66 can be made from a different
plastic having a different dielectric constant than the first dielectric
constant.       [0048] Accordingly, a method of tuning the impedance of the
first electrical connector 22 can include the steps of placing a first
material, such as at least one rib 62, having a dielectric constant greater
than that of a second material, such as air, disposed in the space 66. The
impedance of the first electrical connector 22 can be increased by
providing reduced volumes of the first material in the space, and can be
decreased by providing increased volumes of the first material in the
space. For instance, as the cross-sectional area of the ribs 62 is
increased, the impedance of the electrical connector decreases. As the
cross-sectional area of the ribs is decreased, the impedance of the
electrical connector increases. It should be appreciated that a desired
impedance level can be achieved without increasing the distance between the
adjacent rows 31, and thus without increasing the stack height of the first
electrical connector 22 with respect to conventional electrical connectors.
It has been found that when the space 66 is fully occupied by rib material,
the impedance of the first electrical connector is approximately 76 ohms.
As described above, when the space 66 is fully occupied by air, the
impedance of the first electrical connector 22 is approximately 100  10
ohms. By adjusting the volume of the at least one rib 62 disposed in the
space 66, the impedance of the first electrical connector22 can be tuned
between approximately 76 ohms and approximately 90 ohms. In accordance with
one embodiment, the impedance of the first electrical connector 22 can be
approximately 85 ohms.       [0049] Thus, a kit can include a plurality of
electrical connectors 22 having leadframe assemblies 44, such that one of
the electrical connectors 22 has ribs 62 of a first size and the ribs 62 of
a second one of the electrical connectors 22 has a different size such that
the impedance of the electrical connectors 22 are different. Furthermore, a
kit can include a plurality of leadframe assemblies 44 having different
sized ribs 62 that extend along the broadsides 54 of the respective
electrical contacts 46 such that one of the leadframe assemblies 44 of the
kit is associated with a different impedance level than another leadframe
assembly 44 of the kit. 



[0050] In accordance with the illustrated embodiment, a rib 62 extends
along the broadside 54 of each signal contact 47 of the plurality of
electrical contacts 46, thereby allowing for flexibility in the positioning
of each leadframe assembly 44 as a transversely inner or outer leadframe
assembly. As a result, the leadframe assemblies 44 can be substantially
identically constructed, and thus configured so as to not be dedicated
outer or inner leadframe assemblies, 13  WO 2011/090657PCT/US2010/061477
but can rather be positioned anywhere in the connector housing 26 along
the. The ribs 62 can further extend along at least one or both of the
opposed broadsides 54 of each of the plurality of electrical contact 46 so
as to ensure that ribs 62 will extend along the broadsides of the signal
contacts regardless of the pattern of signal and ground contacts in which
the plurality of electrical contacts 46 are ultimately arranged.
[0051] Referring now to Figs. 6 and 8-10, it should be appreciated that at
least one rib 62 up to all of the ribs 62 can be positioned relative to the
broadsides 54 of the respective electrical contacts 46 at a location
substantially centered on the second central axis 57 that is located
substantially midway between the opposed edges 56. Alternatively, as
illustrated in Fig. 7, the at least one rib 62 up to all of the ribs 62 can
be laterally offset with respect to the second central axis 57, and thus
disposed at a location closer to one of the edges 56 of the respective
electrical contacts 46 than the opposed edge 56.       [0052] It should be
further appreciated that the leadframe assemblies 44 have been described
and illustrated in accordance with one embodiment, and the ribs can extend
along the broadsides of signal contacts of the plurality of electrical
contacts 36 that define edge coupled differential signal pairs retained by
any suitable alternatively constructed leadframe assembly 44 as desired.
[0053] A right angle electrical connector 74 is shown in Fig 11. The right
angle connector 74 can include alternating first right angle leadframe
assemblies 76 and second right angle leadframe assemblies 78.
Alternatively, the right angle electrical connector 74 may include
identical right angle leadframe assemblies 76 or 78, which can be provided
as IMLAs as described above. 



[0054] The right angle electrical connector 74 is shown as right angle
receptacle connector, but right angle electrical connector 74 may also be a
right angle header connector. The first and second right angle leadframe
assemblies 76, 78 carry a plurality of electrical contacts 46a. At least
one of the plurality of electrical contacts 46a defines at least one
broadside 54a, a second broadside 54b opposite the at least one broadside
54a, and two opposed edges 56a and 56b that are shorter than the broadsides
54a and 54b as described above. The right angle electrical connector 74
also defines a mating interface 100 and a mounting interface 200 that is
oriented substantially perpendicular to the mating interface 100.
[0055] A first right angle leadframe assembly 76 is shown in Fig. 12 and a
second right angle leadframe assembly 78 is shown in Figs 13 and 14. The
first right angle leadframe assembly 76, the second right angle leadframe
assembly 78, or both may include electrically conductive or electrically
non-conductive magnetic absorbing material M. The remainder of the  WO
2011/090657PCT/US2010/061477 first or second right angle leadframe
assemblies 76, 78 may be made from electrically insulative plastic P or
electrically non-conductive magnetic absorbing material M.       [0056] Two
adjacent signal contacts 80 and 82 of the plurality of electrical contacts
46A may define a differential signal pair, such as an edge coupled
differential signal pair. A ground contact G may be disposed adjacent to
the edge coupled differential signal pair, and thus can be disposed between
a pair of adjacent differential signal pairs. The signal contacts 80 and 82
define respective mating ends 83 and opposed mounting ends 85, and the
signal contact 82 is physically shorter than the signal contact 80 along
their respective lengths between the respective mating ends 83 and mounting
ends 85. The leadframe assembly 76 can include a rib 84 that extends along
at least a portion of the length (for instance fifty percent or more of the
total length between the mating end 83 and mounting end 85) of the
physically shorter signal contact 82. Accordingly, in this embodiment,
without being bound by theory, it is believed that the rib 84 causes
electrical signals to travel more slowly through the physically shorter
signal contact 80 as opposed to the signal contact 82, thereby increasing
the effective length of the physically shorter signal contact 82 between
the mating end 83 and the opposed mounting end 85, and adjusting for
inter-pair skew. The rib 84 may constructed from a dielectric plastic such
as a liquid crystal polymer, electrically non-conductive magnet absorbing
material, or other suitable material. In accordance with one embodiment,
the rib 84 has a dielectric constant greater than that of air. The rib 84
may also be constructed from an electrically conductive magnetic absorbing
material that is electrically insulated from other signal or ground
contacts by insulative plastic P.       [0057] Similar to Fig. 10, the rib
84 may be positioned adjacent to at least one broadside surface 54A, or
both of the broadside surfaces 54A, 54B, of the physically shorter signal
contact 82 of the two adjacent signal contact 80 and 82 of the plurality of
electrical contacts 46a. The rib 84 may define a width W1 that is less than
a width W2 of a broadside surface 54A or 54B of the physically shorter one
82 of the two adjacent ones 80, 82 of the plurality of electrical contacts
46A. Alternatively, similar to previous Figs. 7-9, ribs 84 may also be
positioned adjacent to two opposed broadsides 54a, 54b of one of the signal
contacts 80 and 82 carried by an electrical connector 74 (Fig. 11).
Regardless of the number of ribs 84, the rib or ribs 84 may each have a
first width W1 that is less than, equal to, or greater than second width W2
of a broadside surface 54A, 54B of one of the plurality of electrical
contacts 46A. 



[0058] Adding the rib or ribs 84 to one broadside surface or both broadside
surface 54a and 54b of just one of the electrical contacts 46A in a right
angle differential signal pair can compensate for inter-pair skew. By
adjusting the amount of plastic, other dielectric material, or electrically
isolated electrically conductive magnetic absorbing material used for the
rib 84, a  WO 2011/090657PCT/US2010/061477 balance can be struck between
unwanted differential impedance loss or gain and desired skew correction.
Ribs 84 can also be added to virtually any electrical contact of a select
electrical connector that is otherwise substantially identical to any
pre-existing or designed right angle electrical connector to improve skew
without modifying a mating interface, a mounting interface or footprint, a
height, a depth, or a width of the select electrical connector with respect
to the preexisting right angle electrical connector.        [0059]
Accordingly, a method is provided to change an electrical characteristic of
a known (to anyone) or pre-existing (designed or made) electrical connector
74 as illustrated in Fig. 11. The method may include the step of modifying
impedance or skew of the known electrical connector 74 without changing a
mating interface 100 of the known electrical connector, a mounting
interface 200 of the known electrical connector, or both. The step of
modifying impedance or skew may include a step of adding a rib or
dielectric rib, such as the rib 62 as illustrated in Fig. 3 or the rib 84
to at least one broadside surface, such as the broadside surfaces 54
illustrated in Fig. 3 or the broadside surfaces 54a and 54b of at least one
electrical contact, such as the electrical contact 46 illustrated in Fig. 3
or the electrical contact 46a, which can be provided as a signal contact,
carried by a select electrical that is substantially otherwise identical
with respect to a known electrical connector, such as electrical connectors
22 and 24 illustrated in Fig. 1 or the electrical connector 74. Additional
steps include limiting a width W1 of the rib or dielectric rib 62, 84 so
that the rib 62, 84 does not extend beyond at least one of two opposed
edges 56A, 56B of the broadside surface 54, 54A, 54B of the respective
electrical contact 46, 46A.        [0060] With reference to Fig. 3, a
second method to fabricate a select mezzanine electrical connector having a
modified electrical characteristic with respect to an otherwise identically
constructed pre-existing electrical connector may include the steps of
adding a dielectric rib 62 to at least one broadside surface 54 of one
electrical contact 46 of the select mezzanine electrical connector such
that the select mezzanine electrical connector has a differential impedance
of 8510 Ohms, while the pre-existing electrical connector has a
differential impedance of 10010 Ohms. Thus, the select mezzanine electrical
connector has a differential impedance less than that of the pre-existing
electrical connector. Alternatively, with reference to Figs 11-14, the
method may also include the step of adding the dielectric rib 84 to at
least one of or both of broadside surfaces 54a and 54b of one electrical
contact 46a, such as a signal contact, of a select right angle differential
electrical connector 74 so as to reduce skew with respect to an otherwise
identically constructed pre-existing right angle differential electrical
connector.  WO 2011/090657PCT/US2010/061477 



[0061] Accordingly, a first or select electrical connector 74 (Fig. 11) can
be identical with respect to a second pre-existing electrical connector 74a
(Fig. 15), with the exception that the first or select electrical connector
74 includes a first skew, and the second pre-existing electrical connector
74b includes a second skew that is different than the first skew. For
instance, because the first or select electrical connector 74 includes a
rib 84 that extends at least fifty percent along a broadside surface 54b of
at least one electrical contact 46a, for instance the shorter signal
contact 82 of a differential pair of signal contacts 80 and 82, the first
skew is less than the second skew. Both of the electrical connectors 74 and
74a have identical mating footprints 200, identical mating interfaces 100,
and identical column pitch CP, but the first or select electrical connector
74 has a rib 84 extending along at least 50% of the length of at least one
of the electrical contacts. It should be appreciated that the second
electrical connector 74b can alternatively include a rib 84 as described
above, but sized differentially than the rib 84 of the first electrical
connector 74.       [0062] It should thus be appreciated that a method to
provide a plurality of electrical connectors having different electrical
characteristics includes the steps of fabricating a first electrical
connector, such as the electrical connector 74a, that including a first
housing, such as the housing 26a, that supports a first plurality of
electrical contacts such as electrical contacts 46a, wherein the first
electrical connector 74a defines a first mating interface 100 and an
opposed first mounting interface 200. The method further includes the step
of fabricating a second electrical connector, such as the electrical
connector 74, including a second housing 26a that supports a second
plurality of electrical contacts 46a, wherein the second electrical
connector 73 defines a second mating interface 100 that is equal to the
first mating interface 100 and an opposed second mounting interface 200
that is equal to the first mounting interface 200. The second electrical
connector 74 includes a dielectric rib 84 that extends along at least one
or both of the broadside surfaces 54a and 54b of at least the one of the
second plurality of electrical contacts 46a, such that the second
electrical connector 74 includes at least one of an impedance and a skew
that is different than the first electrical connector.       [0063] The
embodiments described in connection with the illustrated embodiments have
been presented by way of illustration, and the present invention is
therefore not intended to be limited to the disclosed embodiments.
Furthermore, the structure and features of each the embodiments described
above can be applied to the other embodiments described herein, unless
otherwise indicated. Accordingly, those skilled in the art will realize
that the invention is intended to encompass all modifications and
alternative arrangements included within the spirit and scope of the
invention, for instance as set forth by the appended claims.  WO
2011/090657PCT/US2010/061477 What is Claimed:  1. A leadframe assembly
comprising:       a leadframe housing that supports a plurality of
electrical contacts, each of the plurality of electrical contacts defining
opposed broadside surfaces and opposed edges connected between the opposed
broadsides along a length that is less than a width of the broadside
surfaces, wherein the opposed edges of a pair of adjacent electrical
contacts of the plurality of electrical contacts face each other; and 



a rib extending along at least one of the broadside surfaces of one of the
plurality of electrical contacts, the rib having a dielectric constant
greater than air.  2. The leadframe assembly as recited in claim 1, wherein
each of the electrical contacts comprises a rib that extends along at least
one of the opposed broadside surfaces.  3. The leadframe assembly as
recited in claim 1, wherein the rib does not extend beyond the opposed
edges of the one of the plurality of electrical contacts.  4. The leadframe
assembly as recited in claim 1, wherein two adjacent ones of the plurality
of electrical contacts define an edge coupled differential signal pair.  5.
The leadframe assembly as recited in claim 4, wherein the rib extends along
a physically shorter one of the two adjacent ones of the plurality of
electrical contacts.  6. An electrical connector comprising:       a
connector housing that supports a plurality of electrical contacts that
each define a mating end and an opposed mounting end, the electrical
contacts spaced along a column direction and a row direction that extends
substantially perpendicular to the column direction, such that electrical
contacts adjacent each other along a row direction define a space
therebetween; and       at least one rib disposed in the space and
extending substantially parallel to the adjacent electrical contacts, such
that the at least one rib and air are disposed in the space, wherein the at
least one rib is made from a material having a dielectric constant greater
than air. 



7. The electrical connector as recited in claim 6, wherein the plurality of
electrical contacts each define opposed broadside surfaces and opposed
edges connected between the opposed broadside surfaces along a length
shorter than the broadside surfaces, and the edges of the electrical
contacts face each other along the column direction.  WO
2011/090657PCT/US2010/061477  8. The electrical connector as recited in
claim 7, wherein one of the adjacent electrical contacts defines a central
axis that extends substantially parallel to the opposed edges at a location
substantially midway between the opposed edges, and the at least one rib is
substantially centered on the central axis.  9. The electrical connector as
recited in claim 7, wherein one of the adjacent electrical contacts defines
a central axis that extends substantially parallel to the opposed edges at
a location substantially midway between the opposed edges, and the at least
one rib is offset with respect to the central axis.  10. A method of tuning
an electrical characteristic of an electrical connector that includes a
connector housing supporting an array of electrical contacts with a space
defined between a pair of adjacent electrical contacts in the array of
electrical contacts, the method comprising the steps of       placing a rib
in the space, the rib defining an electrical contact greater than air, such
that the rib and air are disposed in the space, the rib made from a
material having a dielectric constant, such that the space defines a
dielectric constant greater than air;       selecting a volume of the rib
disposed in the space so as to correspondingly adjust the dielectric
constant in the space. 



11. A method to provide a plurality of electrical connectors having
different electrical characteristics, the method comprising the steps of:
fabricating a first electrical connector including a first housing that
supports a first plurality of electrical contacts, wherein the first
electrical connector defines a first mating interface and an opposed first
mounting interface;       fabricating a second electrical connector
including a second housing that supports a second plurality of electrical
contacts, wherein the second electrical connector defines a second mating
interface that is equal to the first mating interface and an opposed second
mounting interface that is equal to the first mounting interface,
wherein the second electrical connector includes a dielectric rib that
extends along a broadside surface of at least the one of the second
plurality of electrical contacts, such that the second electrical connector
includes at least one of an impedance and a skew different than the first
electrical connector. WO 2011/090657PCT/US2010/061477  12. The method as
recited in claim 11, wherein the step of fabricating a second electrical
connector further comprises the step of limiting a width of the dielectric
rib so that the dielectric rib does not extend beyond at least one of two
opposed edges of the one electrical contact.  13. The method as recited in
claim 11, wherein the step of fabricating a second electrical connector
further comprises the step of adding dielectric ribs to two opposed
broadside surfaces of the one electrical contact carried by the electrical
connector.  14. A method of fabricating a select electrical connector so as
to define an electrical characteristic with respect to a pre-existing
electrical connector, comprising the steps of adding a dielectric rib to at
least one broadside surface of one electrical contact so as to decrease at
least one of a differential impedance and a skew of the select electrical
connector with respect to the pre-existing electrical connector. 



15. Two similar electrical connectors comprising a first one of the two
similar electrical connectors that comprises a first skew and a second one
of the two similar electrical connectors that comprises a second skew that
is less than the first skew, wherein both of the two similar electrical
connectors have identical mating footprints, identical mating interfaces,
and identical column pitch, but the second one of the two similar
electrical connectors has a skew-correction rib that extends fifty percent
or more along a broadside surface of the shorter electrical contact. 




