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ELECTRICAL CONNECTOR WITH REDUCED STACK HEIGHT

BACKGROUND

{0081] Electrical connectors typically include a dielectric connector housing supporting
a plurality of electrical contacts. Physical characteristics of the electrical contacts and/or the
connector housing can typically govern signal integrity (81} performance of the electrical
connector. For example, mezzanine electrical connectors can be constructed with arrays of
electrical contacts having fusible elements, and can be referred to as ball grid array (BGA)
connectors. A pair of complementary mezzanine BGA connectors can define a stack height
when mated {0 one another. A mezzanine BGA connector having a shorter stack height than that
of typical mezzanine BGA connectors can exhibit enhanced SI characteristics relative to typical
mezzanine BGA connectors. As the connector housing and the associated electrical contacts
become smaller and smaller, contact retention becomes increasingly more difficuli. Asthe
amount of plastic or other suitable connector housing material is reduced, preventing the housing
from warping or curling during reflow of solder masses or balls onto respective electrical
contacts, during reflow of the electrical connector onto a substrate, during thermal expansion, or
due to internal connector housing stress created by the electrical contacts are also a technical

challenge. Preventing solder wicking along very short electrical contacts is also more difficult.

SUMMARY

{06082] An electrical conpector can include a guidance or alignment member that is
disposed in the center of a pin field of electrical contacts supported by a connector housing of the
electrical connector. The pin field of the electrical connector can be configured to mate a
gender-neutral pin field of a complementary electrical connector. The alignment member can
also be gender-neutral. Configuring the electrical connector as a gender-neutral electrical
connector can minimize tooling and simplify manufacturing processes and/or customer
application of the electrical connector.

[0803] In accordance with an embodiment, an electrical connector includes a connector
housing. The electrical connector further includes an array of electrical contacts supported by
the connector housing. The array of electrical contacts includes at least two rows of electrical

contacts that are spaced from each other and extend along a first direction and at least two
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columns of electrical contacts that are spaced from each other and extend along a second
direction that is substantially perpendicular to the first direction. Each of the at least two rows of
electrical contacts intersect cach of the at least two columns of electrical contacts. The electrical
connector further includes an alignment member that is disposed in the array of electrical
contacts such that the alignment member is surrounded by the least two rows of electrical
contacts and the at least two columns of electrical contacts.

[8684] In accordance with another embodiment, an electrical connector assembly
includes a first electrical connector that has a first connector housing, a first array of electrical
contacts supported by the first connector housing, and a first alignment member that defines an
outer perimeter and is disposed in the first array of electrical contacts such that the outer
perimeter of the first alignment member is substantially surrounded by respective electrical
contacts of the first array of elecirical contacts. The electrical connector assembly further
includes a second electrical connector configured to be mated to the first electrical connector.
The second electrical connector has a second connector housing, a second array of electrical
contacts supported by the second connector housing, and a second alignment member that
defines an outer perimeter and is disposed in the second array of electrical contacts such that the
outer perimeter of the second alignment member is substantially surrounded by respective
electrical contacts of the second array of elecirical contacts. The second alignment member is
configured to mate with the first alignment member of the first electrical connector so as 1o
substantially align the first and second arrays of electrical contacts relative to each other. One
embodiment of the present disclosure overcomes many of the technical challenges in part by
decreasing, rather than increasing, the contact area between an electrical contact and the

connector housing that supports the electrical contact.

BRIEF DESCRIPTION OF THE DRAWINGS

[6083] The foregoing summary, as well as the following detailed description of
example embodiments of the application, will be better understood when read in conjunction
with the appended drawings, in which there is shown in the drawings example embodiments for
the purposes of illustration. It should be understood, however, that the application is not limited
to the precise arrangements and instrumentalities shown. In the drawings:

[6886] Fig. 1 is a perspective view of an electrical assembly constructed in accordance
with one embodiment, including first and second electrical connectors mounted onto respective

first and second printed circuit boards, and shown aligned to be mated with each other;



WO 2014/011825 PCT/US2013/049995

[0867] Fig. 2 is a perspective view of the first and second electrical connectors
tllustrated in Fig. 1;

[0008] Fig. 3A is zoomed perspective section view of respective portions of the first
and second electrical connectors itlustrated in Fig. 1, with respective electrical contacts of the
first and second electrical connectors aligned by engagement of complementary alignment
members of the first and second electrical connectors;

[0088] Fig. 3B is zoomed perspective section view of respective portions of the first
and second electrical connectors after the first and second electrical connectors are mated to each
other;

{08610] Fig. 4 is a perspective view of an electrical assembly constructed in accordance
with an alternative embodiment, including first and second electrical connectors;

{0611] Fig. 5 is a perspective view of the first and second electrical connectors
illustrated in Fig. 4;

[0012] Fig. 6A is a perspective view of an electrical connector assembly constructed in
accordance with an alternative embodiment, including a receptacle connector and 3 header
connector configured to be mated with cach other;

{66131 Fig. 6B is a side elevation view of the electrical connector assembly illustrated
in Fig. 64,

{0814] Fig. 6C is another side elevation view of the electrical connecior assembly
illustrated in Fig. 6A;

[0015] Fig. 7A is a perspective view of the receptacle connector illustrated in Fig. 6A,
showing the mating interface;

{0016] Fig. 7B is a perspective view of the receptacle connector ilfustrated in Fig. 6A,
showing the mounting interface;

{0617} Fig. 7C is a perspective view of the header connector illustrated in Fig. 6A,
showing the mating interface;

{6018] Fig. 7D is a perspective view of the header connector illustrated in Fig. 6A,
showing the mounting interface;

[0019] Fig. 8A is a top plan view of the electrical connector assembly illustrated in Fig.
6A, shown with the receptacle and header connectors mated with each other;

[0820] Fig. 8B is a sectional side elevation view of the electrical connector assembly

illustrated in Fig. 84, taken along line 8B-8B;
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{0021] Fig. 94 is a partial exploded perspective view of one of the electrical contacts of
the receptacle connector shown being inserted into the connector housing, and shown inserted in
the connector housing;

{06221 Fig. 9B is a sectional side elevation view of the elecirical contact illustrated in
Fig. 94, shown inserted in the connector housing;

{0023] Fig. 10A is a partial exploded perspective view of one of the electrical contacts
of the header connector shown being inserted into the connector housing, and shown inserted in
the connector housing;

{0024} Fig. 10B is a sectional side elevation view of the electrical contact illustrated in
Fig. 10A, shown inserted in the connector housing;

{00251 Fig. 11A is a side elevation view of the electrical contacts of the header
connector aligned to be mated with the electrical contacts of the receptacle connector; and

{0026] Fig. 11B is a side elevation view of the electrical contacts illustrated in Fig. 11A

shown mated.

DETAILED DESCRIPTION

[6027] Referring initially to Figs. 1-2, an elecirical connector assembly 10 includes a
first electrical connector 100 and a second elecirical connector 20{ that is configured to be mated
to the first electrical connector 100 so as to place the first and second electrical connectors in
electrical communication with each other. The first electrical connector 100 can include at least
one alignment member that is configured to engage with a complementary at least one alignment
member of the second electrical connector, as described in more detail below. The respective at
least one alignment members of the first and second electrical connectors 100 and 200,
respectively, can engage each other when the first and second electrical connectors 100 and 200
are mated, so as {o at least partially align respective electrical contacts of the first and second
electri;:ai connectors 100 and 200, with respect to each other and to ensure proper orientation of
the first and second electrical connectors 100 and 200 with respect to each other during mating of
the electrical connectors.

[6628] The first electrical connector 100 can include a first array 102 of electrical
contacts 104. The second electrical connector 200 can be constructed the same or differently
than the first electrical connector 100, For example, In accordance with the illustrated
embodiment, the first and second electrical conneciors 100 and 200 are constructed substantially
identically to one another. In this regard, it can be said that the first and second electrical

connectors 100 and 200 are constructed as gender-neutral electrical connectors.
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[8829] The first electrical connector 100 can include a connector housing 112, which
can be referred to as a first connector housing, that is configured to support the first array 102 of
electrical contacts 104, which can be referred to as a first plurality of electrical contacts 104,
'The connector housing 112 can be made of any suitable dielectric material, such as plastic and
the electrical contacts 104 can be made of any suitable electrically conductive material, such as
metal. In accordance with the illustrated embodiment the connector housing 112 can be
overmolded onto the electrical contacts 104, Alternatively, the electrical contacts 104 can be
stitched into the connector housing 112 or otherwise supported by the connector housing 112 as
desired. The connector housing 112 can include a housing body 114 that defines opposed first
and second sides 114a and 114b that are spaced from each other along a first or longitudinal
direction L, opposed third and fourth sides 114c and 1 144d that are spaced from each other along
a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 114e¢ that defines a mating interface 106, and an outer end 114fthat is
spaced from the inner end 114e¢ along a third or transverse direction T and defines an opposed
mounting interface 108. The transverse direction T extends substantially perpendicular to both
the longitudinal direction L and the lateral direction A. The inner end 114e can define the
mating interface 106, and the outer end 114f can define the mounting interface 108. It should be
appreciated that in accordance with the iHustrated embodiment, the longitudinal direction L and
the lateral direction A are oriented horizontally, and the transverse direction T is oriented
vertically, though it should be appreciated that the orientation of the first electrical connector
100, and thus the electrical connector assembly 10, can vary during use. Unless otherwise
specified herein, the terms “lateral,” “laterally,” “longitudinal,” “longitudinally,” “transverse,”
and “transversely” are used to designate perpendicular directional components in the drawings fo
which reference is made.

{60381 The electrical connector 100 is configured to be mounted to an underlying
substrate, for instance a first printed circuit board (PCB) 109, at the mounting interface 108 such
that the first electrical connector 104 is placed in electrical communication with the first printed
circuit board 109, Similarly, the second electrical connector 200 can be configured to be
mounted to an underlying substrate, for instance a second printed circuit board (PCB) 109, at its
mounting interface such that the second electrical connector 200 is placed in electrical
communication with the second printed circuit board 209. Thus, an electrical connector system
can include the electrical connector assembly 10, including the first and second electrical
connectors 100 and 200, mounted onto the respective printed circuit boards 109 and 209,

respectively. Accordingly, when the first and second electrical connectors 100-200 are mated to
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each other, such that the mating interface 106 of the first electrical connector 100 engages with
the mating interface 206 of the second electrical connector 200 to place the respective arrays of
electrical contacts 104 and 204 in electrical communication with each other, the first and second
electrical connectors 100-200 can operate to place the first printed circuit board in electrical
communication with the second printed circuit board.

{6031} Similarly, the second elecirical connecior 200 can include a connector housing
212, which can be referred to as a second connector housing, that is configured to support the
second arrgy 202 of electrical contacts 204, which can be referred to as a second plurality of
electrical contacts. The connector housing 212 can be made of any suitable dielectric material,
such as plastic and the electrical contacts 204 can be made of any suitable electrically conductive
material, such as metal. In accordance with the illustrated embodiment the connector housing
212 can be overmolded onto the electrical contacts 204. Alternatively, the elecirical contacts 204
can be stitched into the connector housing 212 or otherwise sapported by the connector housing
212 as desired. The connector housing 212 can include a bousing body 214 that defines opposed
first and second sides 214a and 214b that are spaced from each other along a first or longitudinal
direction L, opposed third and fourth sides 214¢ and 214d that are spaced from each other along
a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 214e, and an outer end 2141 that is spaced from the inner end 214¢
along a third or transverse direction T that extends substantially perpendicular to both the
longitudinal direction L and the lateral direction A. The inner end 214e can define the mating
interface 206, and the outer end 214f can define the mounting interface 208.

{80321 Referring now also to Figs. 3A-3B, each electrical contact 104 can have a
contact body 103 that defines a mating end 116 that extends out from that mating interface 106,
an opposed mounting end 118 that extends out from the mounting interface 108§, and a lead
portion 119 that extends between the mating end 116 and the mounting end 118, Atleasta
portion of the contact body 105 of each electrical contact 104 can be curved between the mating
and mounting ends 116 and 118, respectively, as it extends between the mating end 116 and the
mounting end 118 along the transverse direction T. For instance, in accordance with the
illustrated embodiment, each contact body can define a region of generally “S” shaped curvature
between the mating end 116 and the mounting end 118, such that the mating end 116 defines a
tip 120 that is offset along the longitudinal direction L with respect to the mounting end 118.
Each electrical contact 104 can be supported by the connector bousing {12 such that the tip 120
faces toward one of the first side 114a or the second side 114b of the housing body 114 of the

connector housing 112, as described in more detail below. For instance, one or more of the tips
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120, and thus one or more of the mating ends 116, can be curved so as to define a curvature. At
least a portion of each electrical contact 104, for instance the mating end 116, can define a pair of
opposed edges and a pair of opposed broadsides that are longer than the opposed edges, such that
the contact body defines a substantially rectangular cross section defined along the orthogonal
directions that are perpendicular to the contact body 10S at the cross-section. The electrical
contacts 104 of the first array 102 can be configured as broadside~-coupled differential signal
pairs, as edge-coupled differential signal pairs, as open contacts, or any combination thereof as
desired.

[6833] The electrical contacts 204 of the second array 202 can be configured identically
with respect to the electrical contacts 104 of the first array 102. Thus, all structure described and
illustrated with respect o the electrical contacts 104 of the first array 102 are illustrated with
respect to the electrical contacts 204 of the second array 202 by reference numerals incremented
by 100, Thus, with continuing reference to Figs. 3A-3B, each electrical contact 204 can have a
contact body 205 that defines a mating end 216 that extends out from the mating interface 208,
an opposed mounting end 218 that extends out from the mounting interface 206, and a lead
portion 219 that extends between the mating end 216 and the mounting end 218, Atleasta
portion of the contact body 205 of each electrical contact 204 can be curved between the mating
and mounting ends 216 and 218, respectively, as it extends between the mating end 216 and the
mounting end 218 along the transverse direction T. For instance, in accordance with the
iHustrated embodiment, each contact body can define a region of generally “S” shaped curvature
between the mating end 216 and the mounting end 218, such that the mating end 216 defines a
tip 220 that is offset along the longitudinal direction L with respect to the mounting end 218,
Each electrical contact 204 can be supported by the connector housing 212 such that the tip 220
faces toward one of the first side 214a or the second side 214b of the housing body 214 of the
connector housing 212, as described in more detail below. For instance, one or more of the tips
220, and thus one or more of the mating ends 216, can be curved so as to define a curvature, At
least a portion of each clectrical contact 204, for instance the mating end 216, can define a pair of
opposed edges and a pair of opposed broadsides that are longer than the opposed edges, such that
the contact body defines a substantially rectangular cross section defined along the orthogonal
directions that are perpendicular to the contact body 2035 at the cross-section. The electrical
contacts 204 of the second array 202 can be configured as broadside-coupled differential signal
pairs, as edge-coupled differential signal pairs, as open contacts, or any combination thereof as

desired,
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[6634] Because the mating interface 106 of the first electrical connector 100 and the
mating interface 206 of the second electrical connector 200, respectively, are oriented
substantially parallel to the respective mounting interfaces 108 and 208, the first and second
electrical connectors 160 and 200 can be referred to as vertical or mezzanine electrical
connectors. However it should be appreciated that one or both of the first and second electrical
connectors 100-200 can be otherwise constructed as desired, for instance as right-angle electrical
connectors such that the respective mating interfaces are oriented substantially perpendicular to
the respective mounting interfaces.

[6835] The mating ends 116 of the electrical contacts 104 of the first electrical
connector 100 can be configured as receptacle mating ends that are configured to mate with
corresponding receptacie mating ends of the electrical contacts 204 of the second electrical.
connector, as described in more detail below. Similarly, the mating ends 216 of the electrical
contacts 204 of the second electrical connector 200 can be configured as receptacle mating ends
that are configured to mate with corresponding receptacle mating ends of the electrical contacts
104 of the first electrical connector 100, as described in more detail below. In this regard, the
first and second electrical connectors 100 and 200 can be referred to as receptacle electrical
connectors. However it should be appreciated that the first and second electrical connectors 100
and 200, respectively, are not limited to the illustrated mating ends, and that the electrical
contacts of one or both of the first and second electrical connectors 100 and 200 can be
alternatively be configured with any other suitable mating ends as desired. For instance, the
electrical contacts of one of the first or second electrical connectors 100 or 200 can be
alternatively configured with electrical contacts having plug mating ends, and thus can be
referred to as a header elecirical connector configured to mate with the receptacle electrical
connector of the other of the first or second electrical connectors 100 or 200,

{0636] The mounting ends 118 of the electrical contacts can be configured such that the
first electrical connector 100 can be mounted to 8 complementary electrical component, for
instance the first printed circuit board 109 as described above. For example, in accordance with
the illustrated embodiment, the mounting end of each electrical contact 104 can include a fusible
element, such as a solder ball 122 that is disposed at the mounting end 118 of the contact body
103, for instance fused to the mounting end 118. The solder balls 122 can all be co-planar with
each other along the mounting interface 108 both before and after the solder reflow process,
described below, is completed. The solder ball 122 can be integral and monolithic with the
contact body of the electrical contact 104 or can be separate and attached to the mounting end

118, I should be appreciated that the solder balls 122 of the electrical contacts 104 can be
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mounted to corresponding electrical contacts, for instance electrically conductive contact pads of
the first printed circuit board, for instance by positioning the first electrical connector 100 on the
first printed circuit board and subjecting the first electrical connector 100 and the first printed
circuit board to a solder reflow process whereby the solder balls 122 fuse to the contact pads of
the respective printed circuit board. Tt should further be appreciated that the electrical contacts
104 are not limited to the illusirated mounting ends 118, and that the mounting ends 118 can be
alternatively configured with any other suitable fusible or non-fusible element as desired, such as
press-fit mounting tails configured to be inserted into complementary vias of the first printed
circuit board.

{6037}  In accordance with the illustrated embodiment, the elecirical contacts 204 of the
second electrical connector 200 can be identically constructed with respect to the electrical
contacts 104 of the first electrical connector 100, including identical mating ends 216, mounting
ends 218, tips 220, and solder balls 222. Thus, the mounting ends 218 of the electrical contacts
204 can be configured such that the second electrical connector 200 can be mounted to a
complementary electrical component, for instance the second printed circuit board 209 as
described above. For example, in accordance with the illustrated embodiment, the mounting end
of each electrical contact 204 can include a fusible element, such as a solder ball 222 that is
disposed at the mounting end 218 of the contact body 205, for instance fused to the mounting
end 218. The solder ball 222 can be integral and monolithic with the contact body of the
electrical contact 204 or can be separate and atiached to the mounting end 218. The solder balls
222 can all be co-planar with each other along the mounting interface 208 both before and after
the solder reflow process is completed. It should be appreciated that the solder balls 222 of the
electrical contacts 204 can be mounted to corresponding electrical contacts, for instance
electrically conductive contact pads of the first printed circuit board, for instance by positioning
the second electrical connector 200 on the second printed circuit board 209 and subjecting the
second electrical connector 200 and the second printed circuit board 209 to a solder reflow
process whereby the solder balls fuse to the contact pads of the respective printed circuit board.
It should further be appreciated that the electrical contacts 204 are not limited to the illustrated
mounting ends 218 and that the mounting ends 218 can be alternatively configured with any
other suitable fusible or non-fusible element as desired, such as press-fit mounting tails
configured to be inserted into complementary vias of the second printed circuit board. All ofthe
solder balls 122 at the mounting ends of first electrical connector 100 are coplanar with each
other in a first plane, both before and after the solder balls 122 are reflowed to the first printed

circuit board so as to mount the fivst electrical connector 100 to the first printed circuit board.
-9



WO 2014/011825 PCT/US2013/049995

Similarly, all of the solder balls 222 at the mounting ends of the second electrical connector 200
are coplanar with each other in a second plane, both before and after the solder balls 222 are
reflowed to the second printed circuit board so as to mount the second elecirical connector 200 to
the second printed circuit board.

[6038] In accordance with the illustrated embodiment, the electrical contacts 104 of the
first array 102 of electrical contacts 104 of the first electrical connector 100 are supported by the
connector housing 112 substantially along the transverse direction T, such that the mating ends
116 at least partially protrude from the inner end 114e of the housing body 114 and the mounting
ends 118 at least partially protrude from the outer end 1141 of the housing body 114. Similarly,
the electrical contacts 204 of the second array 202 of electrical contacts 204 of the second
electrical connector 200 are supported by the connector housing 212 substantially along the
transverse direction T, such that the mating ends 216 at least partially protrude from the inner
end 214e of the housing body 214 and the mounting ends 218, at least partially protrude from the
outer end 2141 of the housing body 214,

[6839] Further in accordance with the illustrated embodiment, the electrical contacts
104 of the first array 102 of electrical contacts 104 are arranged into at least twosuch as a
plurality of rows that extend along a row direction R that can be defined by the longitudinal
direction L and into at least two such as a plurality of columns that extend substantially
perpendicular to the rows along a column direction C that can be defined by the lateral direction
A. As illustrated, each row or electrical contacts 104 can intersect with every column of
electrical contacts 104, and each column of electrical contacts can intersect with every row of
electrical contacts 104, In this regard, it can be said that each of the at least two rows of
electrical contacts 104 intersects each of the at least two columns of electrical contacts 104,
Similarly the electrical contacts 204 of the second array 202 of electrical contacts 204 of the
second electrical connector 200 can be arranged into rows and columns that identical to those of
the first electrical connector 100,

[6848] Further in accordance with the illustrated embodiment, the electrical contacts
104 of the first array 102 of electrical contacts 104 are arranged into at least two such as a
plurality of rows that extend along a row direction R that can be defined by the longitudinal
direction L and into at least two such as a plurality of columms that extend substantially
perpendicular to the rows along 3 column direction C that can be defined by the lateral direction
A. As illustrated, each row or elecirical contacts 104 can intersect with every column of
electrical contacts 104, and each column of electrical contacts can intersect with every row of

electrical contacts 104. In this regard, it can be said that each of the at least two rows of
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electrical contacts 104 intersects each of the at least two columns of electrical contacts 104.
Similarly, in accordance with the illustrated embodiment, the electrical contacts 204 of the
second array 202 of elecirical contacts 204 are arranged into at least two such as a plurality of
rows that extend along a row direction R that can be defined by the longitudinal direction L and
into at least two such as a plurality of columns that extend substantially perpendicular to the rows
along a column direction C that can be defined by the lateral direction A, As illustrated, each
row or electrical contacts 204 can intersect with every column of electrical contacts 204, and
each column of electrical contacts can intersect with every row of electrical contacts 204, In this
regard, it can be said that each of the at least two rows of electrical contacts 204 intersects each
of the at least two columns of electrical contacts 204.

{08641] In accordance with the illustrated embodiment, the first array 102 of electrical
contacts 104 of the first electrical connector 100 includes ten rows of electrical contacts 104
spaced apart along the column direction C and ten columns of electrical contacts 104 spaced
apart along the row direction R. Similarly, the second array 202 of electrical contacts 204 of the
second electrical connector 200 includes ten rows of electrical contacts 204 spaced apart along
the column direction C and ten columns of electrical contacts 204 spaced apart along the row
direction R. In this regard, the first and second arrays 102 and 202 of electrical contacts of the
first and second electrical connectors 100 and 200, respectively, can be referred to as ten by ten
(10 x 10) arrays of electrical contacts, meaning each column and row of the arrays 102 and 202
include ten electrical contacts 104 and 204, respectively. However it should be appreciated that
the first and second electrical connectors 100 and 200 are not limited to the illustrated arrays of
electrical contacts and that first and second arrays 102 and 202 can be alternatively configured as
desired. For instance, the first and second arrays 102 and 202 of the first and second electrical
connectors 100 and 200, respectively, can be constructed with nine by nine (9 x 9) arrays of
electrical contacts that include as nine rows of electrical contacts spaced apart along the column
direction C and nine columans of electrical contacts spaced apart along the row direction R, as ten
by eleven (11 x 10} arrays of electrical contacts that include eleven columns of electrical contacts
spaced apart along the row direction R and ten rows of electrical contacts spaced apart along the
column direction C (see Figs. 4-3), or any other suitably sized array of electrical contacts as
desired.

{8042} With continuing reference to Figs. 1-2 and 3A-3B, the first electrical connector
100 can define a plurality of pockets 124 that extend into the housing body 114 along the
transverse direction T. For instance, the pockets 124 can extend into the outer end 114f of the

housing body 114 of the connector housing 112 along the transverse direction T toward the inner
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end 114e. The opposed mounting ends 118 of the contact body 105 can extend into the pockets
124. Each of the pockets 124 can be configured to at least partially receive a respective one of
the solder balls 122 of the electrical contacts 104, Accordingly, the mounting ends of each of the
electrical contacts 104, which can include the mounting ends 118 of the contact body 105 and the
respective solder ball 122 can be at lcast partially disposed in the pockets 124, Thus, when the
first array 102 of electrical contacts 104 is supported by the connector housing 112, each solder
ball 122 is at least partially recessed with respect to the outer end 114f of the housing body 114,
in a respective one of the plurality of pockets 124. In this regard, it can be said that the solder
balls 122 of the first array 102 of electrical contacts 104 protrude out with respect to the outer
end 114f of the housing body 114.

{00843] The connector housing 112 can further define a plurality of cavities 126 that
extend into the inner end 114¢ of the housing body 114 of the connector housing 112 along the
transverse direction T, Each cavity 126 can be substantially aligned with and spaced from a
respective one of the plurality of pockets 124 along the transverse direction T, and can be
configured to at least partially receive a respective one of the mating ends 116 of the electrical
contacts 104, such that when the first array 102 of electrical contacts 104 is supported by the
conmector housing 112, the mating end 116 of each electrical contact 104 protrudes out with
respect to the inner end [ 14e of the housing body 114, Each cavity 126 can be at least partially
defined by a plurality of inner walls. A portion of at least one, such as each of the inner walls of
cach cavity 126 can be angularly offset with respect to the transverse direction T, such that a
cross-sectional dimension, for instance an area of the cavity 126 measured in a plane defined by
the longitudinal direction L and the lateral direction A, is largest at the inner end 114e of the
housing body 114, and decreases with distance along the transverse direction T toward the outer
end 1141 of the housing body 114, In this regard, it can be said that each cavity 126 defines a
tapered opening at the inner end 114e of the housing body 114. The inner walls of the cavity 126
can be tapered to allow for deflection of the receptacle mating ends 116 of the elecirical contacts
104 within the cavities 126 when the first and second electrical connectors 100 and 200 are
mated to each other, as described in more detail below. The connector housing 112 can further
inchude a retention aperture 124¢ that extends through the housing body 114 along the transverse
direction T so as to define first and second retention ribs 124a and 124b that are spaced from
each other along a direction that is perpendicular to the transverse direction T. For instance, the
perpendicular direction can be along the longitudinal direction L. In accordance with one
embodiment, the retention aperture 124¢ can have a dimension substantially equal to or less than

that of the lead portion 119. Accordingly, the mounting ends 118 can be inserted into the
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retention aperture 124¢ in an insertion direction along the transverse direction T so that the lead
portion 119, for instance at the broadsides, is press-fit into the retention aperture 124¢ until
mechanical interference between the contact body 103 and the housing body 114 prevents further
insertion of the electrical contact 104 in the insertion direction. The solder balls 122, when
attached to the respective mounting ends 118, can mechanically interfere with the contact body
105 to prevent removal of the contacts 104 from the connector housing 112 in a removal
direction that is opposite the insertion direction along the transverse direction T. Each of the first
and second retention ribs 124a and 124¢ can define a respective first height H1 and second
height H2 in the transverse direction T that is from 0.02mm and 0.15mimn. The first and second
heights H1 and H2 can be equal to each other or different from each other. For instance, in
accordance with one embodiment, the first height H1 can be 0.04mm and the second height H2
can be 0.08mm.

{0044] The housing body 214 of the connector housing 212 of the second electrical
connector 200 can be constructed substantially identically to the housing body 114 of the
connector housing 112 of the first elecirical connector 100. Thus, the connector housing 212 can
define a plurality of pockets 224 that extend into the housing body 214 along the transverse
direction T. For instance, the pockets 224 can extend into the outer end 2141 of the housing body
214 along the transverse direction T toward the inner end 214e. The opposed mounting ends 218
of the contact body 205 can extend into the pockets 224. Each of the pockets 224 can be
configured to at least partially receive a respective one of the solder balls 222. Accordingly, the
mounting ends of each of the electrical contacts 204, which can include the mounting ends 218
of the contact body 205 and the respective solder ball 222, can be at least partially disposed in
the respective pockets 224. Thus, when the second array 202 of electrical contacts 104 is
supported by the connector housing 212, each solder ball 222 is at least partially recessed with
respect to the outer end 2141 of the housing body 214, in a respective one of the plurality of
pockets 224. In this regard, it can be said that the solder balls 222 of the second array 202 of
electrical contacts 204 protrude out with respect to the outer end 214f of the housing body 214.

{0045] The connector housing 212 can further define a plurality of cavities 226 that
extend into the inner end 214e of the housing body 214 along the transverse direction T. Each
cavity 226 can be substantially aligned with and spaced from a respective one of the plurality of
pockets 224 along the transverse direction T, and can be configured to at least partially receive a
respective one of the mating ends 216 of the electrical contacts 204, such that when the second
array 202 of electrical contacts 204 is supported by the connector housing 212, the mating end

216 of each electrical contact 204 protrudes out with respect to the inner end 2 14e of the housing
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body 214, Each cavity 226 can include a plurality of inner walls. A portion of at least one, such
as each of the inner walls of each cavity 226 can be angularly offset with respect to the
transverse direction T, such that a cross-sectional dimension, for instance an area of the cavity
226 measured in a plane defined by the longitudinal direction L and the lateral direction A, is
largest at the inner end 214¢ of the housing body 214, and decreases with distance along the
transverse direction T toward the outer end 2141 of the housing body 214. In this regard, it can
be said that each cavity 226 defines a tapered opening at the inner end 214e¢ of the housing body
214, The inner walls of the cavity 226 can be tapered to allow for deflection of the receptacle
mating ends 216 of the electrical contacts 204 within the cavities 226 when the first and second
electrical connectors 100 and 200 are mated to cach other, as described in more detail below.
The connector housing 212 ¢an further include a retention aperture 224¢ that extends through the
housing body 214 along the transverse direction T s0 as to define first and second retention ribs
224a and 224b that are spaced from each other along a direction that is perpendicular to the
transverse direction T. For instance, the perpendicular direction can be along the longitudinal
direction L. In accordance with one embodiment, the retention aperture 224¢ can have a
dimension substantially equal to or less than that of the lead portion 219. Accordingly, the
mounting ends 218 can be inserted into the retention aperture 224c¢ in an insertion direction along
the transverse direction T so that the lead portion 219, for instance at the broadsides, is press-fit
into the retention aperture 224¢ until mechanical interference between the contact body 205 and
the housing body 214 prevents further insertion of the electrical contact 204 into the connector
housing 212 along the insertion direction. The solder balls 222, when attached to the respective
mounting ends 218, can mechanically interfere with the contact body 205 to prevent removal of
the contacts 204 from the connector housing 212 in a removal direction that is opposite the
insertion direction along the transverse direction T. Each of the first and second retention ribs
224a and 224c¢ can define a respective first height H1 and second height H2 in the transverse
direction T that is from 0.02mm and 0.15mm. The first and second heights H1 and H2 can be
equal to each other or different from each other. For instance, in accordance with one
embodiment, the first height H1 can be 0.04mm and the second height H2 can be 0.08mm.
[0846] The first electrical connector 100 can further inchde at least one alignment
member configured to engage with a complementary alignment member of the second electrical
connector 200. For example, the first electrical connector 100 can include at least one alignment
member, such as an inner alignment member 110 that is supported by the connector housing 112
such that the inner alignment member 110 is disposed in the first array 102 of electrical contacts

104. The inner alignment member {10 can be disposed in the first array 102 of electrical
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contacts 104 such that the inner alignment member 110 is disposed between at least two rows of
electrical contacts 104 of the first array 102 and further disposed between at least two columns of
electrical contacts 104 of the first array 102. For instance, the inner alignment member 110 can
be disposed in the first array 102 of electrical contacts 104 such that an outer perimeter of the
inner alignment member 110 is substantially surrounded on all sides by respective ones of the
electrical contacts 104 of the at least two rows of electrical contacts 104 and at least two columns
of electrical contacts 104.

{6847} The inner alignment member 110 can be configured with any geometry as
desired. For instance, the illustrated inner alignment member 110 includes a base 128 that
defines opposed first and second sides 128a and 128b that are spaced apart along the longitudinal
direction L and opposed third and fourth sides 128¢ and 1284 that are spaced apart along the
lateral direction A. The base 128 can define a height along the transverse direction that is
substantially equal to that of the housing body, for instance as defined by the inner end 114e and
the outer end 114f. In accordance with the illustrated embodiment, the base 128, and thus the
inner alignment member 110, is integral and monolithic with the housing body 114 of the
connector housing 112, Alternatively, the inner alignment member 110 can be separate and
attachable to the housing body 114, The first through fourth sides 128a-128d, respectively, of
the base 128 can collectively define an outer perimeter of the inner alignment member 110, In
this regard, it can be said that the inner alignment member 110 is disposed in the first array 102
of electrical contacts 104 such that the outer perimeter of the inner alignment member 110, for
instance the outer perimeter of the base 128, is substantially surrounded by respective electrical
contacts 104 of the first array 102 of electrical contacts 104,

[0048] In accordance with the illustrated embodiment, the inner alignment member 110
is disposed in the first array 102 of electrical contacts 104 such that the inner alignment member
110 is disposed at substantially the geometric center of the first array 102, and moreover of the
connector housing 112. For example, a first distance along the longitudinal direction L between
the first side 128a of the base 128 and the first side 114a of the housing body 114 can be
substantially equal to a second distance along the longitudinal direction L between the second
side 128b of the base 128 and the second side 114a of the housing body 114 and a third distance
along the lateral direction A between the third side 128¢ of the base 128 and the third side 114c
of the housing body 114 can be substantially equal to a fourth distance along the lateral direction
A between the fourth side 128d of the base 128 and the fourth side 114d of the housing body
114. Tt should be appreciated that the first electrical connector 1434 is not limited to the

illustrated location of the inner alignment member 110, and that the inner alignment member 110
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can alternatively be disposed at any other location within the first array 102 of electrical contacts
104, for instance such that the outer perimeter of the base 128 of the inner alignment member
110 is flanked on all sides by respective electrical contacts 104 of the first array 102. Moreover,
the first and second electrical connectors 100 and 200 can include more than one inner alignment
member.

88491 Further in accordance with the illustrated embodiment, the inner alignment
member 110 can be a two part alignment member that includes a post 130 and a receptacle 132
that is disposed adiacent to and spaced from the post 130 along the longitudinal direction L. The
post 130 projects out, along the transverse direction T, with respect to a first portion of the base
{28 that supports the post 130. The receptacle 132 includes a block 134 that projects out, along
the transverse direction T, with respect to a second portion of the base 128 that supports the
receptacie 132, The post 130 and the block 134 can project out with respect to the base to
respective distances from the inner end 114e of the housing body 114 that can be substantially
equal. The first portion of the base 128 can be recessed with respect to the inner end 114e of the
housing body 114, such that when the first and second electrical connectors 100 and 200 are
mated, at least a portion of a complementary receptacle of the second electrical connector 200
will be received in the recessed portion of the base 128, as described in more detail below.

[8058] The block 134 can define a bore 136 that extends into the block along the
transverse direction T. The illustrated post 130 and bore 136 can be equally spaced from
respective sides of the housing body 114, For instance, in accordance with the illustrated
embodiment, a first central axis of the post 130 that extends substantially parallel to the
transverse direction T is spaced from the first side 114a of the housing body 114 a first distance
and a second central axis of the bore 136 that extends substantially parallel to the transverse
direction T is spaced from the second side 114b of the housing body 114 a second distance that is
substantially equal to the first distance between the post 130 and the furst side 114a of the
housing body 114. Furthermore, but the first and second central axes are spaced substantially
equidistantly between the third and fourth sides 114c and 1144, respectively, of the housing body
114, such that the post 130 and the bore 136 are substantially aligned with each other along the
longitudinal direction L.

166511 Similarly, the second electrical connector 200 can further include at least one
alignment member, such as an inner alignment member 210 that is configured to engage the
inner alignment member 110 of the first electrical connector 100. The inner alignment member
210 is supported by the connector housing 212 such that the inner alignment member 210 is

disposed in the second array 202 of elecirical contacts 204. The inner alignment member 210
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can be disposed in the second array 202 of clectrical contacts 204 such that the inner alignment
member 210 is disposed between at least two rows of electrical contacts 204 of the second array
202 and further disposed between at least two columns of electrical contacts 204 of the second
array 202. For instance, the inner alignment mermber 210 can be disposed in the second array
202 of electrical contacts 204 such that an outer perimeter of the inner alignment member 210 is
substantially surrounded on all sides by respective ones of the electrical contacts 204 of the at
least two rows of electrical contacts 204 and at least two columns of electrical contacts 204.

[0652] The inner aligmiment member 210 can be configured with any geometry as
desired. For instance, the illustrated inner alignment member 210 includes a base 228 that
defines opposed first and second sides 228a and 228b that are spaced apart along the longitudinal
direction L and opposed third and fourth sides 228c and 228d that are spaced apart along the
lateral direction A. The base 228 can define a height along the transverse direction that is
substantially equal to that of the housing body, for instance as defined by the inner end 214¢ and
the outer end 214f. In accordance with the illustrated embodiment, the base 228, and thus the
inner alignment member 219, is integral and monolithic with the housing body 214 of the
connector housing 212. Alternatively, the inner alignment member 210 can be separate and
attachable to the housing body 214, The first through fourth sides 228a-128d, respectively, of
the base 228 can collectively define an outer perimeter of the inner alignment member 210, In
this regard, it can be said that the inner alignment member 210 is disposed in the second array
202 of electrical contacts 104 such that the outer perimeter of the inner alignment member 210,
for instance the outer perimeter of the base 228, is substantially surrounded by respective
electrical contacts 204 of the second array 202 of electrical contacts 204.

{0053] In accordance with the illustrated embodiment, the inner alignment member 210
is disposed in the second array 202 of electrical contacts 204 such that the inner alignment
member 210 is disposed at substantially the geometric center of the second array 202, and
moreover of the connector housing 212. For example, a first distance along the longitudinal
direction L between the first side 228a of the base 228 and the first side 214a of the housing
body 214 can be substantially equal to a second distance along the longitudinal direction L
between the second side 228b of the base 228 and the second side 2 14a of the housing body 214
and a third distance along the lateral direction A between the third side 228¢ of the base 228 and
the third side 214c of the housing body 214 can be substantially equal to a fourth distance along
the lateral divection A between the fourth side 228d of the base 228 and the fourth side 214d of
the housing body 214. It should be appreciated that the second elecirical connector 200 is not

limited to the illustrated location of the inner alignment member 210, and that the inner
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alignment member 210 can alternatively be disposed at any other location within the second
array 202 of electrical contacts 204, for instance such that the outer perimeter of the base 228 of
the inner alignment member 210 is flanked on all sides by respective electrical contacts 204 of
the second array 202. Moreover, the first and second electrical connectors 104 and 200 can
include more than one inner alignment member.

{0854] Further in accordance with the illustrated embodiment, the inner alignment
member 210 can be a two part alignment member that includes a post 230 and a receptacle 232
that is disposed adjacent to and spaced from the post 230 along the longitudinal direction L. The
post 230 projects out, along the transverse direction T, with respect to a first portion of the base
228 that supports the post 230. The receptacle 232 includes a block 234 that projects out, along
the transverse direction T, with respect to a second portion of the base 228 that supports the
receptacle 232, The post 230 and the block 234 can project out with respect to the base to
respective distances from the inner end 214e of the housing body 214 that can be substantially
equal. The first portion of the base 228 can be recessed with respect to the inner end 214¢ of the
housing body 214, such that when the first and second electrical connectors 100 and 200 are
mated, at least a portion of a complementary receptacle of the first electrical connector 100 will
be received in the recessed portion of the base 228, as described in more detail below.

{0855] The block 234 can define a bore 236 that extends into the block along the
transverse direction T. The illustrated post 230 and bore 236 can be equally spaced from
respective sides of the housing body 214. For instance, in accordance with the illustrated
embodiment, a first central axis of the post 230 that extends substantially parallel to the
transverse direction T is spaced from the first side 214a of the housing body 214 a first distance
and a second central axis of the bore 236 that extends substantially parallel to the transverse
direction T is spaced from the second side 214b of the housing body 214 a second distance that is
substantially equal to the first distance between the post 230 and the first side 214a of the
housing body 214. Furthermore, but the first and second central axes are spaced substantially
equidistantly between the third and fourth sides 214¢ and 214d, respectively, of the housing body
214, such that the post 230 and the bore 236 are substantially aligned with each other along the
longitudinal direction L.

{0856] The block 134 can further define a first beveled surface 138 configured to guide
the post of the inner alignment member 210 into the bore 136, and can still further define a
second beveled surface 140 configured to guide the receptacle 232 such that the receptacle 232
of slides past the receptacle 132, as described in more detail below. The bore 136 is sized to

receive the post 230 in slidable engagement within the bore 136. Similarly, the block 234 can
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further define a first beveled surface 238 configured to guide the post of the inner aligoment
member 110 into the bore 236, and can still further define a second beveled surface 240
configured to guide the receptacle 132 such that the receptacle 132 slides past the receptacle 232,
as described in more detail below. The bore 236 is sized to receive the post 130 in slidable
engagement within the bore 236. It should be appreciated that the first and second electrical
connectors 100 and 200 are not limited to the illustrated inner alignment members, and that the
first and second electrical connectors 100 and 200 can alternatively be constracted with any other
suitable complementary alignment members as desired.

[0857] The first electrical connector 100 can further include at least one alignment
member, which can define outer alignment member, that is configured to engage with a
complementary outer alignment member of the second electrical connector 200, For example,
the first electrical connector 100 can include at least one outer alignment member, such as a
plurality of side walls 142 thai are disposed outboard of the housing body 114 along one or both
of the lateral direction A and the longitudinal direction L along respective portions of the first
through fourth sides 114a-114d, respectively, and extend out with respect to the inner end 114e
of the housing body 114 and away from the outer end 114f along the transverse direction T.
Accordingly, the side walls 142 are supported by the housing body 114 and are not disposed in
the first array 102 of electrical contacts 104. The side walls 142 can be monolithic with the
housing body 114, or otherwise atiached to the housing body 114. In accordance with the
illustrated embodiment, the first electrical connector 100 includes two pairs of side walls 142,
including a first pair 142a and an opposed second pair 142b. In this regard, it can be said that the
first through fourth sides 114a-114d of the housing body 114 define an outer perimeter of the
housing body 114, and the connector housing 112 further includes at least one second, or outer
alignment member that protrudes from the housing body 114 along a portion of the perimeter of
the housing body 114.

{0058} The first pair 142a of side walls 142 includes a first side wall 142 that extends
from a corner of the housing body 114 defined by the intersection of the first side 114a and the
fourth side 1144 to a location along the first side 114a that is between, for instance substaniially
equidistantly between, the third side 114¢ and the fourth side 114d of the housing body 114 and a
second side wall 142 that extends from the comer of the housing body 114 defined by the
intersection of the first side 114a and the fourth side 114d to a location along the fourth side
114d that is between, for instance substantially equidistantly between, the first side 114a and the
second side 114b of the housing body 114.
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[0059] Similarly, the second pair 142b of side walls 142 includes a third side wall 142
that extends from a comer of the housing body 114 defined by the intersection of the second side
1 14b and the third side 114¢ to a location along the third side 114c that is between, for instance
substantially equidistantly between, the first side 114a and the second side 114b of the housing
body 114 and a fourth side wall 142 that extends from the corner of the housing body 114
defined by the intersection of the second side |14b and the third side 114c to a location along the
second side 114b that is between, for instance substantially equidistantly between, the third side
114¢ and the fourth side 114d of the housing body 114, The first through fourth side walls 142
of the first and second pairs 142a and 142b can define beveled inner edges 144 along portions of]
such as the entireties of their respective lengths along the longitudinal direction L or the lateral
direction A.

[0068] Similarly, the second electrical connector 200 can further include at least one
alignment member, which can define an outer alignment member, that is configured to engage
with the outer alignment member of the first electrical connector 100. For example, the second
electrical connector 200 can include at least one outer alignment member, such as a phwality of
side walls 247 that are disposed outboard of the housing body 214 along one or both of the
lateral direction A and the longitudinal direction L along respective portions of the first through
fourth sides 214a-214d, respectively, and extend out with respect to the inner end 214 of the
housing body 214 and away from the outer end 214f along the transverse direction T.
Accordingly, the side walls 242 are supported by the housing body 214 and are not disposed in
the second array 202 of electrical contacts 204. The side walls 242 can be monolithic with the
housing body 214, or otherwise attached to the housing body 214. In accordance with the
illustrated embodiment, the second electrical connector 200 includes two pairs of side walls 242,
including a first pair 242a and an opposed second pair 242b. 1n this regard, it can be said that the
first through fourth sides 214a-214d of the housing body 214 define an outer perimeter of the
housing body 214, and the connector housing 212 further includes at least one second, or outer
alignment member that protrudes from the housing body 214 along a portion of the perimeter of
the housing body 214.

[0861] The first pair 242a of side walls 242 includes a first side wall 242 that extends
from a corner of the housing body 214 defined by the intersection of the first side 214a and the
fourth side 2144d to a location along the first side 214a that is between, for instance substantially
equidistantly between, the third side 214¢ and the fourth side 214d of the housing body 214 and 2
second side wall 242 that exiends from the comer of the housing body 214 defined by the

intersection of the first side 214a and the fourth side 2144d to a location along the fourth side
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214d that is between, for instance substantially equidistantly between, the first side 2142 and the
second side 214b of the housing body 214.

[0062] Similarly, the second pair 242b of side walls 242 includes a third side wall 242
that extends from a corner of the housing body 214 defined by the intersection of the second side
214b and the third side 214c¢ 10 a location along the third side 214c that is between, for instance
substantially equidistantly between, the first side 214a and the second side 214b of the housing
body 214 and a fourth side wall 242 that extends from the corner of the housing body 214
defined by the intersection of the second side 214b and the third side 214c¢ to a location along the
second side 214b that is between, for instance substantially equidistantly between, the third side
214c and the fourth side 214d of the housing body 214, The first through fourth side walls 242
of the first and second pairs 242a and 242b can define beveled inner edges 244 along portions of,
such as the entireties of] their respective lengths along the longitudinal direction L or the lateral
direction A.

{0663] When the first and second electrical connectors 100 and 200 are mated with
each other, respective ones of the side walls of the second electrical connector 200 will be
disposed adjacent to corresponding ones of the side walls 142 of the first electrical connector
100. The side walls 142 and the complementary side walls 242 of the second clectrical
connector 200 can operate to align the respective connector housings 112 and 212, and thus the
respective electrical contacts 104 and 204, relative to cach other. It should further be appreciated
that the respective outer alignment members of the first and second electrical connectors 100 and
200 can operate cooperatively with or separate from the inner alignment members 110 and 210
of the first and second electrical connectors 100 and 200 during mating of the first and second
electrical connectors 100 and 200. For instance, the respective outer alignment members of the
first and second electrical connectors 100 and 200 can operate before, after, or at the
substantially the same time as that of the inner alignment members 110 and 210,

[6664] With continuing reference to Figs. 1-2 and 3A-3B, the electrical contacts 104 of
the first array 102 of electrical contacts 104 can be supported by the connector housing 112 such
that respective ones of the electrical contacts 104 are oriented toward either the first side 114a of
the housing body 114 or the second side 114b of the housing body 114. For instance, the tips
120 of select electrical contacts 104 of the second array 102 of electrical contacts 104 face the
first side 114a of the housing body 114 and the tips 120 of other select electrical contacts 104 of
the first array 102 of electrical contacts 104 face the second side 114b of the housing body 114,
In accordance with the illustrated embodiment, the tips 120 of the electrical contacts 104 within

each column are oriented in an alternating pattern along the column. Accordiogly, the curvature
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of the tips 120, and thus of the mating ends 116, of a first pair of electrical contacts 104 that are
adjacent cach other along the column direction (so that no additional electrical contacts are
disposed between the adjacent electrical contacts along the column direction) can face away
from each other. Furthermore, the curvature of the tips 120, and thus of the mating ends 116, of
a second pair of electrical contacts 104 that are adjacent each other along the column direction
(so that no additional electrical contacts are disposed between the adjacent electrical contacts
along the column direction) can face toward each other. The first pair and the second pair can
share a common electrical contact. The curvature of the tips 120 can be oriented along the same
direction across each row.

[0865] The orientation of the first array 102 of electrical contacts 104 such that select
electrical contacts 104 face the first side 114a of the housing body 114 while other select
electrical contacts 104 face the second side 114b allows for normal forces generated by the
mating ends 116 and 216, respectively, of the electrical contacts 104 and 204 to substantially
cancel each other out, thereby mitigating forces that might bias the respective electrical contacts
104 and 204 of the first and second electrical connectors 100 and 200 out of alignment relative to
each other as the first and second electrical connectors 100 and 200 are mated.

{00661 Similarly, with continuing reference to Figs. 1-2 and 3A-3B, the electrical
contacts 204 of the second array 202 of electrical contacts 204 can be supported by the connector
housing 212 such that respective ones of the electrical contacts 204 are oriented toward either the
first side 214a of the housing body 214 or the second side 214b of the housing body 214. For
instance, the tips 220 of select electrical contacts 204 of the second array 202 of electrical
contacts 204 face the first side 214a of the housing body 214 and the tips 220 of other select
electrical contacts 204 of the second array 202 of electrical contacts 204 face the second side
214b of the housing body 214. In accordance with the illustrated embodiment, the tips 220 of
the electrical contacts 204 within each column are oriented in an alternating pattern along the
column. Accordingly, the curvature of the tips 220, and thus of the mating ends 216, of a first
pair of electrical contacts 204 that are adjacent each other along the column direction (so that no
additional electrical contacts are disposed between the adjacent electrical contacts along the
column direction) can face away from each other. Furthermore, the curvature of the tips 220,
and thus of the mating ends 216, of g second pair of electrical contacts 204 that are adjacent each
other along the column direction (so that no additional electrical contacts are disposed between
the adjacent electrical contacts along the column direction) can face toward each other. The first
pair and the second pair can share a common electrical contact. The curvature of the tips 220

can be oriented along the same direction across each row.
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{0067] The orientation of the second array 202 of electrical contacts 204 such that
select electrical contacts 204 face the first side 214a of the housing body 214 while other select
electrical contacts 204 face the second side 2{4b allows for normal forces generated by the
mating ends 116 and 216, respectively, of the electrical contacts 104 and 204 to substantially
cancel each other out, thereby mitigating forces that might bias the respective electrical contacts
104 and 204 of the first and second electrical connectors 100 and 200 out of alignment relative to
each other as the first and second electrical connectors 100 and 200 are mated.

{0068] In accordance with the illustrated embodiment, the rows of elecirical contacts
104 of the first array 102 are spaced substantially equally from each other along the column
direction C. Similarly, the rows of electrical contacts 204 of the second array 202 are spaced
substantially equally from each other along the column direction C. The spacing between the
rows of electrical contacts 104 of the first array 102 can be substantially equal to that of the
second array 202. Further in accordance with the illustrated embodiment, the columns of
electrical contacts 104 of the first array 102 are spaced substantially equally from each other
along the row direction R. Similarly, the columns of electrical contacts 204 of the second array
202 can be spaced substantially equally from each other along the row direction R. The columns
of electrical contacts 104 of the first array 102 can be spaced slightly differently than those of the
second array 202, so as to at least partially mitigate the forces the respective mating ends of the
electrical contacts of the first and second arrays 102-202 exert against each other as the first and
second electrical connectors 100-200 are mated. For instance, in accordance with an
embodiment the rows of electrical contacts 104 of the first array 102 can be spaced apart from
each other 1 mm along the column direction C, while the rows of electrical contacts 204 of the
second array 202 can be spaced apart from each other in alternating distances of .95 mm, 1.05
mm, .95 mm, 1.05 mm, and so on, along the column direction C.

{08691 The first and second elecirical connectors 100 and 200 can be mated to each
other in a mating direction M that can be defined by the transverse direction T, and unmated
from each other in a direction opposite the mating direction. As the first and second electrical
conmnectors 100 and 200 are mated, the respective alignment members of the electrical connectors
can operate to align the first and second electrical connectors 100 and 200 relative to each other,
thereby aligning the first array 102 of electrical contacts 104 of the first electrical connector 100
with the second array 202 of electrical contacts 204 of the second electrical connector 200. For
instance, the side walls 142 of the first electrical connector 100 can engage with corresponding
sides of the housing body 214 of the connector housing 212 of the second electrical connecior

200, and the walls 242 of the second electrical connector 200 can engage with corresponding
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sides of the housing body 114 of the connector housing 112 of the first electrical connector 100,
so as to at align the respective connector housings 112 and 212 of the first and second electrical
connectors 100 and 200 relative to each other along one or both of the longitudinal direction L
and the lateral direction A.

[0670] Additionally, the inner alignment member 110 of the first electrical connecior
100, which can be referred to as a first alignment member, can mate with the inner alignment
member 210 of the second electrical connector 200, which can be referred to as a second
alignment member, 50 as {0 substantially align the first and second arrays 102 and 202 of
electrical contacts 104 and 204, respectively, relative to each other, for instance to precisely align
the mating ends 116 of the electrical contacts 104 of the first array 102 with corresponding
mating ends 216 of the electrical contacts 204 of the second array 202. For example, as the first
and second electrical connectors 100 and 200 are mated, the post 130 of the inner alignment
member 110 of the first electrical connector 100 can be received in the receptacle 232 of the
second electrical connector 200, and the post 230 of the second electrical connector 200 can be
recetved in the receptacle 132 of the first electrical connector 100.

[6871] As the first and second electrical connectors 100 and 200 are turther mated
along the mating direction M, the block 134 of the inner alignment member 110 can slide past
the block 234 of the inner alignment member 210, such that at least a portion of the block 234 of
the inner alignment member 210 is received in the recessed first portion of the base 128 of the
inner alignment member 110 and the block 134 of the inner alignment member 110 is received in
the recessed first portion of the base 228 of the inner alignment member 210, It should be
appreciated that the first and second electrical connectors 100-200 cannot be mated to each other
if the electrical connectors are not oriented properly with respect to one another. For instance,
the side walls 142 of the first elecirical connector 100 would interfere with respective side walls
242 of the second electrical connector 200 and the post 130 of the first electrical connector 100
would interfere with the complementary post 230 of the second electrical conmector 200, and
thus the electrical contacts 104 cannot mate with the electrical contacts 204 of the second array
202 unless the first and second electrical connectors 100-200 are properly oriented relative to
cach other. In this regard, the respective alignment members of the first and second electrical
connectors 100-200 can additionally operate as orientation that establish a predetermined
orientation between the first and second electrical connectors 100 and 200 to be mated. It should
be appreciated that the second electrical connector 200 can be a mirror image of the first

electrical connector 100 that is rotated about both a first axis in the transverse direction T and g
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second axis in the longitudinal direction L when the first and second electrical connectors 100
and 200 are aligned to be mated with each other.

iB072] When the first and second electrical connectors 100 and 200 are fully mated to
each other, the mating end 116 of each electrical contact 104 of the first array 102 makes at least
two points of contact, such as C1 and C2, with the mating end 216 of a corresponding electrical
contact 204 of the second array 202, such that the electrical contacts 104 and 204 of the first and
second arrays 102 and 202, respectively, define stub lengths and between the respective contact
location of the curved tip 120 or 220 to the distal free end of the respective tip 120 or 220. The
two points of contact Cl and C2 can also provide passive retention of the first and second
electrical connectors 100 and 200 with respect to each other. Moreover, the electrical connector
assembly 10, for instance the first and second electrical connectors 160 and 200, when fully
mated, exhibit a stack height, for instance as defined by a distance along the transverse direction
T between respective locations on the solder balls 122 of the electrical contacts 104 of the first
array 102 that are spaced furthest from the inner end 114e of the housing body 114 of the
connector housing 112 of the first electrical connector 100 and respective locations on the solder
balls 222 of the electrical contacts 204 of the second array 202 that are spaced furthest from the
inner end 214e of the housing body 214 of the connector housing 212 of the second electrical
connector 200. Otherwise stated, the stack height can be defined by opposed outermost ends,
along the transverse direction T, of the solder balls of the first electrical connector 100 and solder
balls 222 of the second electrical connector 200. In accordance with the illustrated embodiment,
the stack height of the electrical connector assembly 10, that is the cumulative height of the first
and second electrical connectors 102 and 202 along the transverse direction T when mated, can
be in a range having a lower end between and including approximately 1mm and approximately
2 mm, and increments of 0. Imm therebetween. The range can have an upper end between and
including approximately 2mm and approximately 4mm, and increments of 0.1mm therebetween.
For instance, the stack height can be approximately 2mm. The stack height can further be
approximately 3mm. In this regard, it can be said that when the first and second electrical
connectors 100 and 200 are mated to each other, each fusible element of the first array 102 of
electrical contacts 104 is spaced from a corresponding fusible element of the second array 202 of
electrical contacts 204 a distance equal to the stack height along the transverse direction T.

{60731 It should be appreciated that the first and second electrical connectors 100 and
200, respectively, can be constructed in accordance with any suitable alternative embodiment as
desired. For instance, referring now to Figs. 4 and §, the electrical contacts 104 can be oriented

differently than the embodiment illustrated in Figs. 1-2. For instance, the tips 120 of select ones
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of the electrical contacts 104 face the first side 114a of the housing body 114 and the tips of
other ones of the electrical contacts 104 face the second side 114b. In accordance with the
illusirated embodiment, the tips 120 of the electrical contacts 104 within each row are oriented in
the same direction, that is toward a common one of the first and second side walls 114a and
114b, across the respective row. For instance, all tips 120 of each row can face one of the first
and second sides 114a and 114b, and all tips 120 of an immediately adjacent row can face the
other of the first and second sides 114a and 114b. Thus, the tips 120 of at least one of the
electrical contacts 104 within each column can be oriented opposite to others of the elecirical
contacts 104 of the respective column. For instance, the orientation of immediately adjacent tips
120 along the column can alternate between facing the first side 114a and facing the second side
114b. As will be appreciated, the broadsides of the electrical contacts 104 face the first and
second sides 114a and 114b, and the edges of the electrical contacts 104 face the third and fourth
sides 114¢ and 114d. Thus, the electrical contacts 104 can be oriented such that their broadsides
face each other along the column direction C, and their edges face each other along the row
direction R.

{0874] The mating ends 116 of each electrical contact 104 are offset with respect to the
respective mounting end 118, such that the mating end 116 and mounting end 118 are not
aligned with each other along the transverse direction T. For instance, the mating ends 116 can
be offset from the mounting ends along the longitudinal direction L. Accordingly, the mounting
ends 118 of the elecirical contacts 304 of the first array 302 can be spaced equidistantly with
respect to each other along both the row direction R and the column direction C, while
immediately adjacent mating ends 116 can be spaced substantially equally from each other at
varying distances at least along the column direction C, and can further be spaced at varying
distances along the row direction R. Thus, the array 102 of electrical contacts 104 can define a
row piich {i.c., distance between adjacent rows along the column direction) at the distal ends of
the tips 120 that varies along the array 102. For instance, the array 102 can define two different
row pitches that alternate between immediately adjacent rows. For instance, the mating ends 116
of a select row of electrical contacts 104 are spaced closer to the respective mating ends 116 of a
first immediately adjacent row of electrical contacts 104 whose tips that face toward the tips of
the select row of electrical contacts 104 than to the respective mating ends 116 of a second
immediately adjacent row of electrical contacts 104 whose tips 120 that face away from the tips
120 of the select row of electrical contacts 304.

[8075] The side walls 142 can extend along an outer perimeter of the housing body 114

and extends out with respect o the inner end 114e of the housing body 114 along substantially
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the transverse direction T, such that the side wall 142 substantially surrounds the first array 102
of electrical contacts 104, It should be appreciated that while the illustrated side wall 142 is
substantially continuous about the outer perimeter of the housing body 314, that the wall 142 can
be alternatively constructed as desired, for example as a wall comprising a plurality of wall
segments that extend along respective portions of at least one, such as each of the sides 314a-
3144, for instance as illustrated in Figs. 1-2.

{0076] The first electrical connector 100 can further include at least one alignment
member as described above. In accordance with the embodiment illustrated in Figs. 4-5, the at
least one alignment member can include a plurality of alignment members, such as slots 152 that
extend into at least a portion of the housing body 114 along the transverse direction, for instance
into the inner end 114e and toward or out the outer end 1141, that is through the housing body
114. In accordance with the illusirated embodiment, the housing body 114 can define four slots
152, each slot 152 configured to receive a respective one of alignment members, such as ridges
252, of the second elecirical connector 200, as described in more detail below. The illostrated
slots 152 are located proximate to respective comers of an outer perimeter of the first array 102
of electrical contacts 104, such that the slots 152 are disposed between the first array 102 of
electrical contacts 104 and the side wall 142, In this regard, it can be said that the first electrical
connector 100 includes a first alignment member that is disposed between the first array 102 of
electrical contacts 104 and at least a portion of the side wall 142. The illustrated slots 152 are
substantially “L” shaped, but the slots 152 can have any other suitable geometry as desired.
Moreover, it should be appreciated that the first electrical connector 100 is not limited to the
illustrated siot locations, and that more or fewer slots can be defined as desired, for instance at
any other suitable locations along the outer perimeter of the first array 102 of electrical contacts
104.

[6877] The first elecirical connector 100 can further include at least one orientation
member configured to engage with a complementary orientation member of the second electrical
connector 200 only when the first and second electrical connectors 100 and 200 are in a
predetermined orientation with relative to cach other, thereby ensuring the relative orientation
when the first and second electrical connectors 100 and 200 are mated to each other. In
accordance with the illustrated embodiment, the orientation member of the first electrical
connector 100 can be configured as a recess 154 that extends into the side wall 142, for instance
at the first side 114a, toward the array 102 of electrical contacts 104, and that further extends
along the transverse direction T from the inner end 114e toward the outer end 114f, for instance

through the outer end 114f, and thus through the connector housing 112, The recess 154 is
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configured to receive a complementary orientation member, such as a tab 254, of the second
electrical connector 400 as described in more detail below. It should be appreciated that the
connector housing 112 is not limited to the illustrated recess 154, and that the connector housing
112 can alternatively be constructed with any other suitable orientation member, or members, as
desired.

[6678] With continuing reference to Figs. 4-3, the electrical contacts 204 of the second
electrical connector 200 can be oriented differently than the embodiment illustrated in Figs. 1-2.
For instance, the tips 220 of select ones of the electrical contacts 204 face the first side 214a of
the housing body 214 and the tips of other ones of the elecirical contacts 204 face the second side
214b. In accordance with the illustrated embodiment, the tips 220 of the electrical contacts 204
within each row are oriented in the same direction, that is toward a common one of the first and
second side walls 214a and 214b, across the respective row. For instance, all tips 220 of each
row can face one of the first and second sides 214a and 214b, and all tips 220 of an immediately
adjacent row can face the other of the first and second sides 214a and 214b. Thus, the tips 220 of
at least one of the electrical contacis 204 within each column can be oriented opposite to others
of the electrical contacts 204 of the respective column. For instance, the orientation of
immediately adjacent tips 220 along the column can alternate between facing the first side 214a
and facing the second side 214b. As will be appreciated, the broadsides of the electrical contacts
204 face the first and second sides 214a and 214b, and the edges of the elecirical contacts 204
face the third and fourth sides 214¢ and 214d. Thus, the electrical contacis 204 can be oriented
such that their broadsides face each other along the column direction C, and their edges face each
other along the row direction R.

{0879] The mating ends 216 of each electrical contact 204 are offset with respect to the
respective mounting end 218, such that the mating end 216 and mounting end 218 are not
aligned with each other along the transverse direction T. For instance, the mating ends 216 can
be offset from the mounting ends along the longitudinal direction L. Accordingly, the mounting
ends 218 of the electrical contacts 204 of the second array 202 can be spaced equidistantly with
respect to each other along both the row direction R and the column direction C, while
immediately adjacent mating ends 216 can be spaced substantially equally from each other at
varying distances at least along the column direction C, and can further be spaced at varying
distances along the row direction R. Thus, the second array 202 of electrical contacts 204 can
define a row pitch (i.e., distance between adjacent rows along the column direction) at the distal
ends of the tips 220 that varies along the array 202. For instance, the array 202 can define two

different row pitches that alternate between immediately adjacent rows. For instance, the mating
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ends 216 of a select row of electrical contacts 204 are spaced closer to the respective mating ends
216 of a first immediately adjacent row of electrical contacts 204 whose tips that face toward the
tips of the select row of electrical contacts 204 than to the respective mating ends 216 of a
second imumediately adjacent row of electrical contacts 204 whose tips 220 that face away from
the tips 220 of the select row of electrical contacts 204.

[0080] The side walls 242 of the second electrical connector 200 can extend along an
outer perimeter of the housing body 214 and extends out with respect to the inner end 214e of the
housing body 214 along substantially the transverse direction T, such that the side walls 242
substantially surround the second array 202 of electrical contacts 204. Tt should be appreciated
that while the illustrated side walls 242 are substantially continuous about the outer perimeter of
the housing body 214, that the walls 242 can be alternatively constructed as desired, for example
as a wall comprising a plurality of wall segments that extend along respective portions of at least
one, such as each of the sides 214a-214¢ (see Figs. 1-2). In accordance with the illustrated
embodiment, the side walls 242 of the second electrical connector 200 illustrated in Figs. 4-5 can
be configured to be inserted in the side walls 142 of the first electrical connector 100, such that
the side walls 242 nest within the side walls 142 when the first and second electrical connectors
100 and 200 are mated with each other.

[6081] The second electrical connector 200 can further include at least one alignment
member, such as a plurality of alignment members configured to engage with respective
complementary alignment member of the first electrical connector 100. For example, the second
electrical connector 200 can include a plurality of alignment members, such as ridges 252 that
extend out from respective portions of outer edges of at least one or more up to ail of the side
walls 242, substantially along the transverse direction T, and are configured to be received in
corresponding ones of the slots 152 of the connector housing 112, In accordance with the
iHustrated embodiment, the side walls 242 can define four respective ridges 252, each ridge 252
configured to be at least partially received in a respective one of the slots 152, The illustrated
ridges 252 are located proximate to respective corners of the side walls 242, The illustrated
ridges 252 can be substantially “L” shaped so as to fit in respective ones of the slots 152, but the
ridges 252 can have any other suitable geometry as desired. Moreover, it should be appreciated
that the second electrical connector 200 is not limited to the iHustrated ridge locations, and that
more or fewer ridges can be defined as desired, for instance at any other suitable locations along
the wall 250. It should further be appreciated that the first and second electrical connectors 100-

200 are not limited to the illustrated slots 152 and ridges 252, and that the first and second
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electrical connectors 100-200 can be alternatively constructed with any other suitable alignment
members as desired, for instance as illustrated in Figs. 1-2.

{0082] The second electrical connector 200 can further include at least one orientation
member configured to engage with a complementary orientation member of the first electrical
connector 100 to ensure proper orientation of the first and second electrical connectors 100-200
relative 1o each other during mating of the first and second electrical connectors 100-200. In
accordance with the illustrated embodiment, the connector housing 212 of the second electrical
connector 200 can include at least one alignment member, such as the tab 254 that extends out
from the wall 250 at the front end 214a of the housing body 214, the tab 254 configured to be
received in the recess 154 of the connecior housing 112, & should be appreciated that the
connector housing 212 is not Hmited to the illustrated tab 254, and that the connector housing
212 can alternatively be constructed with any other suitable orientation member, or members, as
desired, for instance as illustrated in Figs. 1-2.

[B083] The first and second electrical connectors 100-200 can be mated and unimated to
each other along the mating direction M. For instance, the first and second electrical connectors
100-200 are oriented such that the tab 234 is aligned to be received in the recess 154. Once the
first and second electrical connectors 100-200 are properly oriented relative to one another, the
first and second electrical connectors 100-200 can be mated. As the first and second electrical
connectors 100-200 are mated, the respective alignment mermbers of the electrical connectors can
operate to align the first and second electrical connectors 300-400 relative to each other, thereby
aligning the first array 102 of electrical contacts 104 with the second array 202 of electrical
contacts 204. For instance, the side wall 242 can be received in nesting engagement by the side
wall 142. The walls 142 and 242 can abut each other and slide along each other as the first and
second electrical connectors 100 and 200 are mated. As the first and second electrical
connectors 300-400 are further mated, the ridges 252 can be received in the slots 152 so as to
substantially align the first and second arrays 102 and 202 of electrical contacts 104 and 204.

[6084] When the first and second electrical connectors 100 and 200 are aligned to be
mated with each other, and mated with each other, select ones of the electrical contacts 104 and
204 mate with each other so as to define first and second mated contacts, respectively. The tip
120 of the first mated contact of the electrical contacts 104 faces one of the first and second sides
104a and 104b, and the tip 220 of the second mated contact of the electrical contacts 204 faces
the other of the first and second sides 204a and 204b.

[6085] It should be appreciated that each of the glectrical connectors 100 and 260 can

include an electrically insulative connector housing and an array of gender-neutral electrical
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contacts {104 and 204, respectively) supported by the connector housing. The array of electrical
contacts can define an open pinfield, such that cach electrical contact 104 and 204 can be
assigned as a signal contact or g ground contact as desired, and is not a dedicated signal contact
or ground contact. Each of the electrical contacts 104 and 204 illustrated in Figs. 1-3 can define
a broadside 175a, such as a pair of broadsides that are spaced from each other along a first
direction which ¢an be defined by the column direction C, and an edge 175b, such as a pair of
edges that are spaced from each other along a second direction that can be defined by the row
direction R. Thus, the first and second directions can be perpendicular with respect to each
other. An intersection between the lead portion 119 or 219 and a plane that extends substantially
perpendicular to the lead portion defines a first dimension that extends along an entirety of each
of the edges 175b and a second dimension that extends along an entirety of each of the
broadsides 175a, such that the second dimension is greater than the first dimension. For
instance, the first dimension of the edges 175b can be equal to the material thickness of the
electrical contact, while the second dimension of the broadsides 175a can be defined by a
stamping operation when stamping the electrical contacts from the material. Thus, it can be said
that the broadsides 175a are longer than the edges 175b along the intersection of the lead portion
the plane that is oriented substantially orthogonal to the electrical contact, for instance at the lead
portion. The plane can be oriented in the lateral and longitudinal directions. The array of
electrical contacts can define a plurality of rows that are spaced along a column direction and a
plurality of columns that are spaced along a row direction. The edges of adjacent ones of the
electrical contacts of each row face each other along the row direction, and the broadsides of
adjacent ones of the electrical contacts of each column face each other along the column
direction,

{0086} The mating ends can be curved so as to define a curvature. The electrical
contacts define first, second, and third elecirical contacts that are aligned along the column
direction (for instance along one of the columns). The second electrical contact can be disposed
adjacent and disposed between the first and third electrical contacts (such that no additional
electrical contacts are disposed between the first electrical contact and the second electrical
contact in the column along the column direction, and no additional electrical contacts are
dispose between the second electrical contact and the third electrical contact in the column along
the cotumn direction}. The curvature of the mating ends of the first and second electrical
contacts face each other, and the curvature of the mating ends of the second and third electrical
contacts face away from each other. For instance, the mating end of the first electrical contact

can be concave with respect to the mating end of the second electrical contact. Similarly, the
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mating end of the second electrical contact is concave with respect to the mating end of the first
electrical contact. Furthermore, the mating end of the third electrical contact can be convex with
respect to the mating end of the second electrical contact, and the mating end of the second
electrical contact can be convex with respect to the mating end of the third electrical contact.

{0087] Accordingly, a first distance can be defined along the column direction from the
mating end of the first electrical contact to the mating end of the second electrical contact, and a
second distance is defined along the column direction from the mating end of the second
electrical contact to the mating end of the third electrical contact, and the first distance is less
than the second distance. For instance, the lead portion of at least one, up to all, of the electrical
contacts, including each of the first, second, and third electrical contacts can define a thickness
along the column direction, and the second distance is greater than the thickness. For instance,
the second distance can be greater than twice the thickness and less than any distance as desired,
such as one-hundred times the thickness, including less than fifty times the thickness. The
electrical contacts can be evenly spaced along the rdw direction.

[0088] In accordance with the illustrated embediment, the curvature of the electrical
contacts alternates in direction from contact to adjacent contact of each column. Furthermore, at
least one of the columns up to all of the columns defines first and second outermost electrical
contacts that define opposed ends of the column along the column direction, and the direction of
curvature of the mating ends of the first and second outermost elecirical contacts are the same.
Thus, it should be appreciated that each column can define an odd number of electrical contacts.
Alternatively, gach column can define an even number of electrical contacts, whereby the
direction of curvature of the mating ends of the first and second outermost electrical contacts are
the opposite each other.

{0089] Furthermore, the mating ends of the electrical contacts can extend out from the
connector housing such that a straight line extending through the curvature, and thus the mating
end, of the elecirical contacts of each column along the column direction does not pass through
the connector housing. For instance, the ling passes only through air between the curvatures of
the electrical contacts that are adjacent each other along the column direction.

{0690] In accordance with the illustrated embodiment, at least one, up to all of, the
electrical contacts including each of the first, second, and third electrical contacts can be gender
neutral, and thus configured to mate with a respective one electrical contact that is shaped
substantially identical to the respective electrical contacts, such as the respective first, second,
and third electrical contacts. Accordingly, each of the electrical contacts is configured to mate

with a respective different electrical contact of another electrical connector.
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[806%91] Referring now to Figs. 6A-7D, an electrical connector assembly 310 includes a
first electrical connector 400 and a second electrical connector 500 that is configured to be mated
to the first electrical connector 400 so as o place the first and second electrical commectors in
electrical communication with each other. The first electrical connector 400 can include at least
ong alignment member that is configured to engage with a complementary at least one alignment
member of the second electrical connector, as described in more detail below. The respective at
feast one alignment members of the first and second electrical connectors 400 and 500,
respectively, can engage each other when the first and second electrical connectors 400 and 500
are mated, so as to at least partially align respective electrical contacts of the first and second
electrical connectors 400 and 500, with respect to each other and to ensure proper orientation of
the first and second electrical connectors 400 and 500 with respect to each other during mating of
the electrical connectors. The first electrical connector 400 can be configured as a receptacle
electrical connector, and the second electrical connector 500 can be configured as a header
connector whose electrical contacts ave configured to be received by the electrical contacts of the
first electrical connector 400.

[0892] The first electrical connector 400 can include a connector housing 412, which
can be referred to as a first connector housing, and an array 402 of electrical contacts 404, which
can be referred to as a first array of elecirical contacts, that are supported by the connector
housing 412. The connector housing 412 can be made of any suitable dielectric material, such as
plastic and the electrical contacts 404 can be made of any suitable electrically conductive
material, such as metal. In accordance with the tHustrated embodiment, the connector housing
412 can be overmolded onto the electrical contacts 404. Alternatively, the electrical contacts 404
can be stitched into the connector housing 412 or otherwise supported by the connector housing
412 as desired. The connector housing 412 can include a housing body 414 that defines opposed
first and second sides 414a and 414b that are spaced from each other along a first or longitudinal
direction L, opposed third and fourth sides 414¢ and 414d that are spaced from each other along
a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 4 14¢ that defines a mating interface 106, and an outer end 414f that is
spaced from the inner end 414¢ along a third or transverse direction T and defines an opposed
mounting interface 108. The transverse direction T extends substantially perpendicular to both
the longitudinal direction L and the lateral direction A. It should be appreciated that in
accordance with the illustrated embodiment, the longitudinal direction L and the lateral direction
A are oriented horizontally, and the transverse direction T is oriented vertically, though it should

be appreciated that the orientation of the first electrical connector 400, and thus the electrical
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connector assembly 10, can vary during use. Unless otherwise specified herein, the terms
“lateral,” “laterally,” “longitudinal,” “longitudinally,” “transverse,” and “transversely” are used
to designate perpendicular directional components in the drawings to which reference is made.

{68931 The first electrical connector 400 is configured to be mounted to an underlying
substrate, for instance a first printed circuit board (PCB), at the mounting interface 408 such that
the first electrical connector 400 is placed in electrical communication with the first printed
circuit board. Similarly, the second electrical connector 500 can be configured to be mounted to
an underlying substrate, for instance a second printed circuit board (PCB) 509, at its mounting
interface such that the second electrical connector 500 is placed in electrical communication with
the second printed circuit board 509. Thus, an electrical connector system can inciude the
electrical connector assembly 310, including the first and second electrical connectors 400 and
500, mounted onto the respective printed circuit boards 409 and 509, respectively. Accordingly,
when the first and second electrical connectors 400 and 560 are mated to each other, such that
the mating interface 406 of the first electrical connector 400 engages with the mating interface
506 of the second electrical connector 500 to place the respective arrays of electrical contacts
404 and 504 in electrical communication with each other, the first and second electrical
connectors 400 and 500 can operate to place the first printed circuit board in electrical
communtication with the second printed circuit board.

[6894] Similarly, the second electrical connector 500 can include a connector housing
512, which can be referred to as a second connector housing, that is configured to support the
second array 502 of electrical contacts 504, which can be referred to as a second plurality of
electrical contacts. The connector housing 512 can be made of any suitable dielectric material,
such as plastic and the electrical contacts 504 can be made of any suitable electrically conductive
material, such as metal. In accordance with the illustrated embodiment the connector housing
512 can be overmolded onto the electrical contacts 504. Alternatively, the electrical contacts 504
can be stitched into the connector housing 512 or otherwise supported by the connector housing
512 as desired. The connector housing 512 can include a housing body 514 that defines opposed
first and second sides S14a and 514b that are spaced from cach other along a first or longitudinal
direction L, opposed third and fourth sides 514¢ and S14d that are spaced from each other along
a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 514e, and an outer end 514fthat is spaced from the inner end Slde
along a third or transverse direction T that extends substantially perpendicular to both the
longitudinal direction L and the lateral direction A. The inner end 514¢ can define the mating

interface 506, and the outer end 514f can define the mounting interface 508.
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{0095] Because the mating interface 406 of the first electrical connector 400 and the
mating interface 506 of the second electrical connector 500, respectively, are oriented
substantially paraliel to the respective mounting interfaces 408 and 508, the first and second
electrical connectors 400 and 500 can be referred to as vertical or mezzanine electrical
connectors. However it should be appreciated that one or both of the first and second electrical
connectors 400 and 500 can be otherwise constructed as desired, for instance as right-angle
electrical connectors such that the respective mating interfaces are oriented substantially
perpendicular to the respective mounting interfaces,

[#096] Further in accordance with the illustrated embodiment, the electrical contacts
404 of the first array 402 of electrical contacts 404 are arranged into at least two such as a
plurality of rows that extend along a row direction R that can be defined by the longitudinal
direction L and into at least two such as a plurality of columns that extend substantially
perpendicular to the rows along a column direction C that can be defined by the lateral direction
A. As illustrated, each row or electrical contacts 404 can intersect with every column of
clectrical contacts 404, and each column of electrical contacts can intersect with every row of
electrical contacts 404. In this regard, it can be said that each of the at least two rows of
electrical contacts 404 intersects cach of the at least two columns of electrical contacts 404.
Sirtlarly, in accordance with the illustrated embodiment, the electrical contacts 504 of the
second array 502 of electrical contacts 504 are arranged into at least two such as a plurality of
rows that extend along a row direction R that can be defined by the longitudinal direction L and
into at least two such as a plurality of columns that extend substantially perpendicular to the rows
along a column direction C that can be defined by the lateral direction A. As illustrated, each
row or ¢lectrical contacts 504 can intersect with every column of electrical contacts 504, and
each column of electrical contacts can intersect with every row of electrical contacts 504. In this
regard, it can be said that cach of the at least two rows of electrical contacts 504 intersects each
of the at least two columns of electrical contacts 504. The arrays 402 and 502, respectively, can
define any number of columns and rows of electrical contacts 404 and 504, respectively, as
desired as described herein. The rows and columns of the first and second electrical connectors
404 and 500 can be numerically and spatially identical to each other.

{00697} Referring also to Figs. 9A-9B, each electrical contact 404 can have a contact
body 405 that defines a mating end 416 that extends out from that mating interface 406, an
opposed mounting end 418 that extends out from the mounting interface 408, and a lead portion
419 that extends between the mating end 416 and the mounting end 418. At least a portion of the

contact body 405 of each electrical contact 404 can be curved between the mating and mounting
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ends 416 and 418, respectively, as it extends between the mating end 416 and the mounting end
418 along the transverse direction T. As described in U.S. Patent No. 6,042,389, which is
incorporated by reference as if set forth in its entirety herein, each of the electrical contacts 404
can be a receptacle contact that include a base 404a, and a pair of cantilevered spring arms,
including a first spring arm 404b and a second spring arm 404c that each extends from the base
404a along the transverse direction T toward the inner end 414e, such that the mounting end 418
extend from the base 404a toward the outer end 414f. Each spring arm 404b and 404¢ can be
resiliently supporied by the base 404a, and can extend from the base 404a to a respective free
distal tip 420. The base 404a can be defined by the lead portion 419.

[6098] Each of the first cantilevered spring arm 404b and the second cantilevered
spring arm 404¢ of each electrical contact 404 can be offset from each other both along the row
direction R such that each electrical contact defines a gap between the spring arms 404b and
404c along the row direction R, The spring arms 404b and 404c¢ can further be spaced from each
other along the column direction C. For instance, each spring arm 404b and 404c can further
define a curved region between the base 404a and the respective distal tip 420, for instance a
region of generally “S” shaped curvature. Thus, the tip 420 of each spring arm 404b and 404c¢ is
offset along the longitudinal direction L with respect to the mounting end 418. One of the spring
arms 404b and 404c can be curved such that the distal tip 420 is offset toward one of the first
side 414a or the second side 414b with respect to the mounting end 418, and the other of the
spring arms 404b and 404¢ can be curved such that the distal tip 420 is offset toward the other of
the first side 414a or the second side 414b with respect to the mounting end 418. The first and
second spring arms 404b and 404c are configured to flex with respect to the base 404a away
from each other when a plug mating end, for instance of the second electrical connector 500 is
inserted between the spring arms 404b and 404¢ along the column direction C.

[60899] The electrical contacts 404 can further include respective solder balls 422 that
project out from the mounting end 418 proximate to the mounting interface 408. The solder
balls 422 can be attached or otherwise supported by the mounting ends 41§, , for instance fused
to the mounting end 418, and are configured to be mounted to corresponding electrical contacts,
for instance electrically conductive contact pads of the printed circuit board, for instance by
positioning the first electrical connector 400 on the first printed circuit board and subjecting the
first electrical connector 400 and the first printed circuit board to a solder reflow process
whereby the solder balls 422 fuse 1o the respective contact pads of the first printed circuit board.
The solder balls 422 can all be co-planar with each other along the mounting interface 408, both

before and after the solder reflow process is completed. 1t should further be appreciated that the
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electrical contacts 404 are not limited to the illustrated mounting ends 418, and that the mounting
ends 418 can be alternatively configured with any other suitable fusible or non-fusible element as
desired, such as press-fit mounting tails configured to be inserted into complementary vias of the
first printed circuit board.

{0188] The first electrical connector 400 can define a plurality of pockets 424 that
extend into the housing body 414 along the transverse direction T. For instance, the pockets 424
can extend into the outer end 4141 of the housing body 414 of the connector housing 412 along
the transverse direction T toward the inner end 414e. The mounting ends 418 of the contact
body 405 can extend into the pockets 424, such that the solder balls 422 are disposed in
respective ones of the pockets 424. Accordingly, the mounting ends of each of the electrical
contacts 404, which can include the mounting ends 418 of the contact body 405 and the
respective solder ball 422 can be at least partially 'disposed in the pockets 424. Thus, when the
first array 402 of clectrical contacts 404 is supported by the connector housing 412, each solder
ball 422 is at least partially recessed with respect to the outer end 4141 of the housing body 414,
in a respective one of the plurality of pockets 424, In this regard, it can be said that the solder
balls 422 of the first array 402 of electrical contacts 404 protrude out with respect to the outer
end 414f of the housing body 414.

{0181] With continuing reference to Figs. 9A-B, the connector housing 412 can further
define a plurality of retention apertures that extend through the housing body 414 along the
transverse direction T from the inner end 414e of the housing body 414 of the connector housing
412 to the outer end 4141 of the housing body 414. The retention apertures can include retention
cavities 426 that extend into the inner end 414e¢ of the housing body 414 of the connector
housing 412 along the transverse direction T, and the plurality of pockets 424 that are
substantially aligned with the retention cavities 426 along the transverse direction T, The
retention cavities 426 can be configured to at least partially receive a respective retention portion
of the electrical contacts 404, such that when the first array 402 of electrical contacts 404 is
supported by the connector housing 412, the mating end 416 of each electrical contact 404
protrudes out with respect to the inner end 414¢ of the housing body 414. Each retention cavity
426 can be at least partially defined by at least one inner wall 427. Further, each retention cavity
426 can be at least partially defined by a shelt 427a that extends in from the inner walls 427 at a
focation between the inner end 414¢ and the outer end 414f. Each shelf 427a can be substantially
parallel to the inner end 414e and the outer end 414f. The pockets 424 can be disposed between
the shelf 4274 and the outer end 414f. The connector housing 412 can define a height H3 along

the transverse direction T from the inner end 4 14e to the outer end 4141 from §.3mm to §.7mm,
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for instance 0.5mm. The connector housing 412 can define a height H4 along the transverse
direction T from the inner end 414e to the shelf 4272 from 0.2mm to (.4mm, for instance 0.3mm.
[0102] The electrical contacts 404 can include broadsides 473a and edges 475b as
defined above with respect to the electrical contacts 104. The electrical contacts 404 can further
include a retention portion that includes at least one retention wing 413, for instance first and
second opposed retention wings 4135 that project out from opposed sides of the base 404a, for
imstance along the row direction R. Thus, the retention wings 415 that project out from opposed
sides of the base 404a in opposite directions along a first direction that separates opposed edges
of the electrical contacts 404. The retention wings 415 can extend to a location outboard of both
the base 404a portion and the respective ones of the first and second spring arms 404b and 404c¢.
The retention wings 415 can project out to respective free distal tips 415a that are spaced from
each other connector a distance along a select direction that is slightly greater than the cross-
sectional dimension of the retention cavity 426 along the select direction. Accordingly, the
retention wings 415 can be press-fit against the at least one inner wall 427 so as to retain the
electrical contact 402 in the connector housing 412. Thus, in accordance with one embodiment,
the elecirical contacts 404 touch the connector housing 412 at only two locations, defined by
respective abutments between the retention wings 415 and the at least one inner wall 427,
Further, as illustrated in Fig. 9B, the broadsides of the electrical contacts 404 are spaced from the
at least one inner wall 427, along a second direction that separates the opposed broadsides, along
an entirety of a length between the opposed retention wings 415 along the first direction that
separates the opposed edges. Further, the broadsides 420 can be continuous from one of the
retention wings 415 to the other of the retention wings, and from each of the spring arms 404b
and 404c¢ to the mounting end 418. Moreover, the electrical contacts 404 can be devoid of
enclosed apertures that extend through the contact body 405 from one broadside to the other
broadside. Because wicking of solder flux during the solder reflow operation is directed toward
contact locations between the contact body 405 and the connector housing 412, the electrical
contacts are configured such that any wicking will occur between the retention wings 415 and
the connector housing 412, which is offset from a data flow path between the mounting end 418
and each of the spring arms 404b and 404c. Thus, the data flow path is substantially devoid of
wicked solder flux. Furthermore, because the contact body is substantially planar in the cavity
424, the solder is able to substantially fil] the cavity 424 during the solder reflow operation.
Each electrical contact 404 can define a thickness in the longitudinal direction L of
approximately 0.1mm. Thus, the opposed broadsides of each electrical contact 404 can be

spaced from each other a distance of approximately 0.1mm. The thickness can be defined by the
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sheet of material that forms the elecirical contacts 404 before the electrical contacts are stamped
or otherwise cut from the sheet of material. Each of the retention wings 415 can be curved. For
instance, each of the retention wings 415 can be defined by a radius. For instance, each of the
retention wings 415 can be defined by a radius of approximately 0.6mm. Each of the retention
wings 4135 can define a contact area defined at a location where the retention wing 415 abuts the
connector housing 412, The contact area can thus be defined by the thickness of the electrical
contact 404 in the longitudinal direction L and a contact height dimension along the transverse
direction T, from 0.01mm to 0.15mm, of the electrical contact at the retention wings 415 that are
in physical contact with the connector housing. For instance, the contact height dimension of
cach wing 415 can be 0.06mm. Thus, the contact area can be between 0.001mm squared and
0.015mm squared, such as 0.012mm squared. One or both of the connector housing 412 and the
electrical contact, at the wings 415, can deform when the electrical contacts 404 are mounted in
the connector housing 412 to define the contact height dimension. Without being bound by
theory, it is believed that the reduction of a cumulative contact area defined by all of the
electrical contacts 404 and the connector housing 412 is reduced with respect to conventional
electrical connectors, which correspondingly reduces internal forces applied by the electrical
contacts 404 to the connector housing 412 that might otherwise cause the connector housing 412
to deform, particularly the inner and outer ends 414¢ and 414f, during the solder reflow
operation. The reduction of internal forces thus allows the connector housing 414 to have a
reduced height along the transverse direction T with respect to conventional connector housings
414 while maintaining the planarity of the inner and outer ends 414¢e and 414f, and further
maintaining the co-planarity of the solder balls 422,

[0163] Referring now also to Figs. 10A-10B, each of the electrical contacts 504 can
have a contact body 505 that defines a mating end 516 that extends out from that mating
interface 506, an opposed mounting end 518 that extends out from the mounting interface 508,
and a lead portion 519 that extends between the mating end 516 and the mounting end 518, As
described in U.S. Patent No. 6,042,389, which is incorporated by reference as if set forth in its
entirety herein, each of the electrical contacts 504 can be configured as a plug contact. Thus, the
mating end 516 can define a blade that is planar and is oriented to lies within a plane defined by
the lateral direction A and the transverse direction T. The mating end 516 can define a distal tip
520 that is inline with the mounting end 518 along the transverse direction T. The mating end
516 can have a dimension in the lateral direction A that is greater than the gap that separates the

first and second spring arms 404b and 404c.
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[8104] The electrical contacts 504 can further include respective solder balls 522 that
project out from the mounting end 518 proximate to the mounting interface 508. The solder
balls 522 can be attached or otherwise supported by the mounting ends 518, for instance fused 1o
the mounting end 518§, and are configured to be mounted to corresponding electrical contacts, for
instance electrically conductive contact pads of a second printed circuit board, for instance by
positioning the first electrical connector 500 on the second printed circuit board and subjecting
the second electrical connector 530 and the second printed circuit board to a solder reflow
process whereby the solder balls 322 fuse to the respective contact pads of the second printed
circuit hoard. he solder balls 522 can all be co-planar with each other along the mounting
interface 508, both before and afier the solder reflow process is completed. Thus, all of the
solder balls 422 at the mounting ends of first electrical connector 400 are coplanar with each
other in a first plane, both before and after the solder balls 422 are reflowed to the first printed
circuit board so as to mount the first elecirical connector 400 to the first printed circuit board.
Similarly, all of the solder balls 522 at the mounting ends of the second electrical connector 500
are coplanar with each other in a second plane, both before and after the solder balls 522 are
reflowed to the second printed circuit board so as to mount the second electrical connector 500 to
the second printed circuit board. The first plane can be parallel with the second plase. It should
further be appreciated that the electrical contacts 504 are not limited to the illustrated mounting
ends 518, and that the mounting ends 518 can be alternatively configured with any other suitable
fusible or non-fusible element as desired, such as press-fit mounting tails configured io be
inserted into complementary vias of the second printed circuit board.

{0105] The second electrical connector 500 can define a plurality of pockets 524 that
extend into the housing body 514 along the transverse direction T. For instance, the pockets 524
can extend into the outer end 3141 of the housing body 514 of the connector housing 512 along
the transverse direction T toward the inner end 514e. The mounting ends 518 of the contact
body 505 can extend into the pockets 524, such that the solder balls 522 are disposed in
respective ones of the pockets 524, Accordingly, the mounting ends of each of the electrical
contacts 504, which can include the mounting ends 518 of the contact body 503 and the
respective solder ball 522 can be at least partially disposed in the pockets 524. Thus, when the
first array 502 of electrical contacts 504 is supported by the connector housing 512, each solder
ball 522 is at least partially recessed with respect to the outer end 5141 of the housing body 514,
in a respective one of the plurality of pockets 524. In this regard, it can be said that the solder
balls 522 of the first array 502 of electrical contacts 504 protrude out with respect to the outer

end 514f of the housing body 514.
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{0166] With continuing reference to Figs. 10A-B, the connector housing 512 can
turther define a plurality of retention apertures that extend through the housing body 514 along
the transverse direction T from the inner end 514e of the housing body 514 of the connector
housing 512 to the outer end 514f of the housing body 514. The retention apertures can include
retention cavities 526 that extend into the inner end 514e of the housing body 514 of the
connector housing 512 along the transverse direction T, and the plurality of pockets 524 that are
substantially aligned with the retention cavities along the transverse direction T. Each of the
retention cavities 526 and can be configured to at least partially receive a respective retention
portion of the electrical contacts 504, such that when the first arvay 502 of electrical contacts 504
is supported by the connector housing 512, the mating end 516 of each elecirical contact 504
protrudes out with respect to the inner end 514e of the housing body 514. Each retention cavity
526 can be at least partially defined by at least one inner wall 527. Further, cach retention cavity
526 can be at least partially defined by a shelf 527a that extends in from the inner walls 527 at a
location between the inner end 514e and the outer end 514f. Fach shelf 527a can be substantially
parallel to the inner end 514¢ and the outer end 514f. The pockets 524 can be disposed between
the shelf 527a and the outer end 514f. The connecior housing 512 can define a height HS along
the transverse direction T from the inner end 514e to the outer end 5141 from 0.2mm to 0.6mm,
for instance 0.4mm. The connector housing 512 can define a height H6 along the transverse
direction T from the inner end 514e to the shelf 527a from $.2mm to {.4mm, for instance
instance 0.3mm.

{8187] The clectrical contacts 504 can include broadsides 575a and edges 575b as
detined above with respect to the electrical contacts 204. The elecirical contacts 504 can further
include a retention portion that includes at least one retention wing 513, for instance first and
second opposed retention wings 5185 that project out from opposed sides of the lead portion 519,
tor instance along the row direction R, Thus, the retention wings 513 that project out from
opposed sides of the base 504a in opposite directions along a first direction that separates
opposed edges of the electrical contacts 504. The retention wings 515 can extend to a location
outhoard of one or both of the mating end 516 and the mounting end 518. The retention wings
515 can project out to respective free distal tips 515a that are spaced from each other connector a
distance along a select direction that is slightly greater than the cross-sectional dimension of the
retention cavity 526 along the select direction. Accordingly, the retention wings 515 can be
press-fit against the at least one inner wall 527 so as to retain the electrical contact 502 in the
connector housing 512. Accordingly, the retention wings 515 can be press-fit against the at least

one inner wall 527 so as to retain the electrical contact 502 in the connector housing 512. Thus,
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in accordance with one embodiment, the electrical contacts 504 touch the connector housing 512
at only two locations, defined by respective abutments between the retention wings 515 and the
at least one inner wall 527, Further, as llustrated in Fig. 10B, the broadsides of the elecirical
contacts 504 are spaced from the at least one inner wall 527, along a second direction that
separates the opposed broadsides, along an entirety of a length between the opposed retention
wings §15 along the first direction that separates the opposed edges. Because wicking of solder
flux during the solder reflow operation is directed toward contact locations between the contact
body 503 and the connector housing 512, the electrical contacts are configured such that any
wicking will occur between the retention wings 515 and the connector housing 312, which is
offset from a data flow path between the mating end 516 and the mounting end 518, Thus, the
data flow path is substantially devoid of wicked solder flux. Furthermore, because the contact
body is substantially planar in the cavity 524, the solder is able to substantially fill the cavity 524
during the solder reflow operation. Each electrical contact 504 can define a thickness in the
longitudinal direction L of approximately 0.1mm. Thus, the opposed broadsides of each
electrical contact 504 can be spaced from each other a distance of approximately 0.lmm. The
thickness can be defined by the sheet of material that forms the electrical contacts 504 before the
electrical contacts are stamped or otherwise cut from the sheet of material, Each of the retention
wings 515 can be curved. For instance, each of the retention wings 515 can be defined by a
radius. For instance, each of the retention wings 515 can be defined by a radius of
approximately 0.6mm. Each of the retention wings 515 can define a contact area defined at a
location where the retention wing 515 abuts the connector housing 512. The contact area can
thus be defined by the thickness of the electrical contact 504 in the longitudinal direction L and a
contact height dimension along the transverse direction T, from 0.01mm to 0.15mm, of the
electrical contact at the retention wing 5185 that is in physical contact with the connector housing.
For instance, the contact height dimension of each wing 415 can be 0.06mm. Thus, the contact
area can be between 0.001mm squared and 0.015mm squared, such as 0.012mm squared. One or
both of the connector housing 512 and the elecirical contact, at the retention wings 515, can
deform when the electrical contacts 504 are mounted in the connector housing 512 to define the
contact height dimension. Without being hound by theory, it is believed that the reduction of a
cumulative contact area defined by all of the electrical contacts 504 and the connector housing
512 is reduced with respect to conventional electrical connectors, which correspondingly reduces
internal forces applied by the elecirical contacts 504 to the connector bousing 512 that might
otherwise cause the connector housing 512 to deform, particularly the inner and outer ends 5i4e

and 514f, during the solder reflow operation. The reduction of internal forces thus allows the
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connector housing 514 to have a reduced height along the transverse direction T with respect to
conventional connector housings 514 while maintaining the planarity of the inner and outer ends
514e and 5144, and further maintaining the co-planarity of the solder balls 522.

[6188] Each of the first and second electrical connectors 400 and 500 can include at
feast one alignment member configured to engage each other so as to ensure that the respective
electrical contacts 404 and 504 are aligned to be mated when the first and second electrical
connectors 400 and 500 are mated with each other along the mating direction M. Each of the
first and second electrical connectors 400 and 500 can further include at least one orientation
member orientation member configured to engage each other only when the first and second
electrical connectors 400 and 500 are in a predetermined orientation with relative to each other,
thereby ensuring the relative orientation when the first and second electrical connectors 100 and
200 are mated to each other. For instance, accordance with one embodiment, the first electrical
connector 400 can include at least one recess, such as a first recess 455a and a second recess
455b that extend at least into the connector housing 412, from the joner end 414e toward the
outer end 4141, for instance from the inner end 4 14e to the outer end 4141, The first recess 455a
can be disposed at the first side 414a of the connector housing 412, and the second recess 455b
can be disposed at the second side 414b of the connector housing 412. The recesses 455a and
455b can define different lengths along the longitudinal direction L.

[088%9] The second electrical connector 500 can include at least one protrusion such as a
first protrusion 555a and a second protrusion 555b that extend out from the inner end 514e along
the transverse direction T. The first protrusion 555a can be disposed at the first side S14a and
the second protrusion 335b can be disposed at the second side 514b. The first protrusion 555a
can defined a length along the longitudinal direction sized to be received in the first recess 433a.
The second protrusion 555b can be split so as to defined two second protrusion portions, or can
be a single continuous structure, and can define a length along the longitudinal direction L sized
to be received in the second recess 455b, and sized greater than that of the first recess 453a.
Thus, the first and second electrical connectors 400 and 500 are only able to mate with each
other when the first protrusion 355a is aligned with the first recess 455a, and the second
protrusion 555b is aligned with the second recess 455b. It should be appreciated that the first
and second electrical connectors 400 and 500 can include any suitable alternative alignment
member as desired. For instance, the first electrical connector 400 can include one or more
projections and the second electrical connector 500 can include one or more recesses.

{6118} Referring now also to Figs. 8A-8B and 11A-11B, the mating ends 516 of the

electrical contacts 504 are aligned with the mating ends 416 of the respective electrical contacts
-43 .



WO 2014/011825 PCT/US2013/049995

4034 so as to be inserted between the respective spring arms 404b and 404¢ along the column
direction C when the first and second electrical connectors 400 and 500 are mated with each
other. The spring arms 404b and 404¢ are elastically flexible and resilient so as to deflect away
from each other about the base 404a along the column direction C as the mating ends 416 are
inserted therebetween. The resiliency of the spring arms 404b and 404c defines a normal spring
force against the mating end 516 that is inserted between the spring arms 404b and 404c.
Because the mating ends 516 define a length along the row direction greater than that gap
between the adjacent spring arms 404b and 404c, the mating ends 316 define first and second
contact locations C1 and C2 with the first and second spring arms 404b and 404c¢, respectively.
The first and second contact locations C1 and C2 can be disposed on opposed sides of the mating
ends 516. For instance, the first and second contact locations C1 and C2 can be disposed on
opposed broadsides of the electrical contacts 504. Thus, each of the electrical contacts 404 are
placed in physical and electrical contact with a respective one of the electrical contacts 504, and
each of the electrical contacts 504 are placed in physical and electrical contact with a respective
one of the electrical contacts 404. The mating ends 416 of the electrical contacts 404 of the first
electrical connector 400 can be configured as receptacle mating ends that are configured to
receive complementary mating ends of the electrical contacts 504 of the second electrical
connector 500 as described above, so as to mate with the electrical contacts 304. In this regard,
the first electrical connector 400 can be referred 10 as a receptacle electrical connector, and the
second electrical connector 500 can be referred to as a header electrical connector. However it
should be appreciated that the first and second electrical connectors 400 and 500, respectively,
are not limited to the illustrated mating ends, and that the electrical contacts of one or both of the
first and second electrical connectors 400 and 500 can be alternatively be configured with any
other suitable mating ends as desired. For instance, the electrical contacts of the first and second
electrical connectors 400 or 500 can be alternatively configured with electrical receptacie
contacts in the manner des

{0111} When the first and second electrical connectors 400 and 500 are fully mated to
each other, the electrical connector assembly 310 can define a stack height within a range having
a lower end between and including approximately Imm and approximately 2 mm, and
increments of 0.1mm therebetween. The range can have an upper end between and including
approximately 2mm and approximately 4mm, and increments of 0.1mm therebetween. For
instance, the stack height can be approximately 2mm. The stack height can further be
approximately 3mm. The stack height can be defined by a distance along the transverse

direction T between respective locations on the solder balls 422 of the electrical contacts 404 that
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are spaced furthest from the inner end 414e of the housing body 414 of the connector housing
412 and respective locations on the solder balls 522 of the electrical contacts 504 that are spaced
furthest from the inner end 514e of the housing body 514. Otherwise stated, the stack height can
be defined by opposed outermost ends, along the transverse direction T, of the solder balls 422 of
the first electrical connector 400 and solder balls 522 of the second electrical connector 500,
{6112} 1t should be noted that the illustrations and discussions of the embodiments
shown in the figures are for exemplary purposes only, and should not be construed limiting the
disclosure. One skilled in the art will appreciaie that the present disclosure contemplates various
embodiments, Additionally, it should be understood that the concepts described above with the
above-described embodiments may be employed alone or in combination with any of the other
embodiments described above. For example, it should be appreciated that the alignment
members of the first and second electrical connectors 100-200 can be combined with or
otherwise integrated with the alignment members of the first and second electrical connectors
300-400, and so on, unless otherwise indicated. It should further be appreciated that the various
alternative embodiments described above with respect to one illustrated embodiment can apply

to all embodiments as described herein, unless otherwise indicated.
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CLAIMS

L. An electrical connector comprising:

a connector housing;

an array of electrical contacts supported by the connector housing, the array of
electrical contacts including at least two rows of electrical contacts that are spaced from each
other and extend along a first direction, and at least two columns of electrical contacts that
are spaced from each other and extend along a second direction that is substantially
perpendicular to the first direction, each of the at least two rows of electrical contacts
intersecting each of the at least two columns of electrical contacts; and

each of the electrical contacts define a mating end and a mounting end, wherein the
mating end of each of the electrical contacts comprises a receptacle defined by a pair of
spring arms, the mating end of each of the electrical contacts is configured to mate with a
complementary mating end of a plug electrical contact of a complementary electrical
connector when the electrical connectors are mated, so as to define a stack height in a range
between approximately 1 mm and approximately 3 mm;

and wherein each of the electrical contacts include retention wings that have distal

tips that are separated by greater than the width of a retention cavity.

2. The electrical connector of claim 1, further comprising solder balls fused to each of

the electrical contacts at the respective mounting ends.

3. The electrical connector of claim 2, wherein the stack height is defined by opposed
outermost ends of the solder balls of the electrical connector and the complementary

electrical connector, respectively.

4, The electrical connector of claim 2, wherein the solder balls at the mounting ends are

all coplanar with each other.

5. The electrical connector of claim 4, wherein the solder balls at least partially reside in

a recessed region of the connector housing,

6. The electrical connector of claim 5, wherein the stack height is in a range between

approximately 1.5 mm and approximately 2.5 mm.
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7. The electrical connector of claim 1, wherein the electrical contacts only touch the
connector housing at two locations and each of the two locations defines a contact area of

0.001 square millimeters to 0.015 square millimeters.

8. An electrical assembly comprising:

a first electrical connector including:

a first connector housing;

a first array of first electrical contacts supported by the first connector housing, the
first array of first electrical contacts including at least two rows of first electrical contacts that
are spaced from each other and extend along a first direction, and at least two columns of first
electrical contacts that are spaced from each other and extend along a second direction that is
substantially perpendicular to the first direction, each of the at least two rows of electrical
contacts intersecting each of the at least two columns of first electrical contacts;

each of the first electrical contacts defines a mating end and a mounting end, wherein
the mating end of each of the electrical contacts is a receptacle defined by a pair of spaced
spring arms; and

a second electrical connector including:

a second connector housing;

a second array of second electrical contacts supported by the second connector
housing, the second array of second electrical contacts including at least two rows of second
electrical contacts that are spaced from each other and extend along a first direction, and at
least two columns of second electrical contacts that are spaced from each other and extend
along a second direction that is substantially perpendicular to the first direction, each of the at
least two rows of second electrical contacts intersecting each of the at least two columns of
second electrical contacts;

each of the second electrical contacts defines a mating end and a mounting end,
wherein the mating end of each of the electrical contacts is a plug that is configured to be
received between the spring arms of a complementary one of the second electrical contacts,
such that the electrical assembly defines a stack height in a range between approximately 1
mm and approximately 3 mm and wherein each of the electrical contacts include retention

wings that have distal tips that are separated by greater than the width of a retention cavity.

9. The electrical assembly of claim 8, wherein the stack height is approximately 2 mm.
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10.  The electrical assembly of claim 9, wherein each of the electrical connectors further

comprises solder balls fused to each of the electrical contacts at the respective mounting ends.

11. The electrical assembly of claim 10, wherein the solder balls are reflowed onto the

electrical contacts at the respective mounting ends while the contacts are supported by the

connector housing.

12.  The electrical assembly of claim 11, wherein the solder balls at the mounting ends of

each electrical connector are all coplanar with each other.

13.  The electrical assembly of claim 12, wherein the solder balls at the mounting ends of
first electrical connector are coplanar with each other in a first plane, and the solder balls at
the mounting ends of the second electrical connector are coplanar with each other in a second

plane, and the first plane is parallel with the second plane.

14. The electrical assembly of claim 10, wherein the solder balls at least partially reside in

a recessed region of the connector housing.
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